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PROBLEM TO BE SOLVED: To provide a CPP type ' 
magnetic detecting element that generates high 
reproduction outputs and has not been able to be 
manufactured by the conventional lithographic 
technique. 

SOLUTION: A current limiter layer 27 in which 
conductive sections and insulating sections mixedly exist 
is provided on the sense current reaching surface side 
(upper surface side) of a free magnetic layer 26. Since 
the effective element area of the CPP magnetic 
detecting element can be reduced even when the optical 
element area of the element is increased, the element 
can be manufactured easily by using a lithographic 
technique having precision equivalent to that of the 

conventional lithographic technique and, at the same time, the reproduction output of the 
element can be increased. 
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* NOTICES * 
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damages caused by the use of this translation. 
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3. In the drawings, any words are not translated. 



CLAIMS . , ■ 

[Claim(s)] . , ., . . 

[Claim 1] A magnetic sensing element characterized by preparing multilayers which have an 
antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic interlayer, and a free magnetic layer, 
and preparing a current-limiting layer to which the insulating section and a current carrying part were 
directly intermingled through other layers on either [ at least ] the upper surface of said free magnetic 
layer, or the inferior surface of tongue in a magnetic sensing element to which current flows to a film 
surface and a perpendicular direction of each class of said multilayers. 

[Claim 2] A magnetic sensing element according to claim 1 by which a noble-metals material layer is 
formed in either an inferior surface of tongue of said current-limiting layer or the upper surface and 
both 

[Claim 3] Said noble-metals material layer is a magnetic sensing element according to claim 2 currently 
formed among Ru, Pt, Au, Rh, Ir, Pd, Os, and Re with any one sort or two sorts or more of noble-metals 

[Saim4i A magnetic sensing element according to claim 2 in which it replaces with said noble-metals 
material layer, and Cu layer is formed. . 
[Claim 5] A magnetic sensing element according to claim 1 to 4 by which said current-limiting layer is 
directly prepared in a current attainment side side of said free magnetic layer through other layers at 
legist 

[Claim 6] an insulating material film with which two or more holes with which said insulating section of 
said current-limiting layer leads even to an inferior surface of tongue from the upper surface of said 
current-limiting layer at least were prepared ~ it is ~ this hole ~ a magnetic sensing element accordmg 
to claim 1 to 5 by which a conductive material film used as said current carrying part is embedded 

[cTaim 7] It is the magnetic sensing element according to claim 1 to 5 by which said insulating section 
of said current-limiting layer has a slot which extends succeeding a time of seeing from a plane parallel 
to a film surface, this slot is formed even through an inferior surface of tongue from the upper surface of 
said current-limiting layer, and a conductive material used as said current carrying part is embedded at 

said Mizouchi. ... ,. 

[Claim 8] Said insulating section of said current-limiting layer is a magnetic sensing element according 
to claim 1 to 5 which is the insulating material film with which a hole which leads even to an inferior 
surface of tongue from the upper surface of said current-limiting layer, and a slot which extends 
succeeding a time of seeing from a plane parallel to a film surface, and leads even to an inferior surface 
of tongue from the upper surface of said current-limiting layer were intermingled and by which a 
conductive material used as said current carrying part is embedded at said hole and Mizouchi. 
[Claim 9] Said insulating material film is a magnetic sensing element according to claim 6 to 8 formed 
by oxide film or nitride. 

[Claim 10] Said oxide film is a magnetic sensing element according to claim 9 formed by Ag, Lu, z,n, 
germanium, Pb, aluminum, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo, W, Fe, Co, Si, nickel, and insulating material 
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that consists of any one sort or two sorts or more of oxides among rare earth elements. 

[Claim 11] Said nitride is a magnetic sensing element according to claim 9 formed by Ag, Cu, Zn, 

germanium, Pb, aluminum, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo, W, Fe, Co, Si, nickel, and insulating material 

that consists of any one sort or two sorts or more of nitrides among rare earth elements. . 

[Claim 12] It is the magnetic sensing element according to claim 1 to 5 which said current carrying part 

of said current-limiting layer is a conductive particle, and is distributed in an insulating material layer 

from which said conductive particle serves as said insulating section. 

[Claim 13] Said current-limiting layer is a magnetic sensing element according to claim 12 which is the 
film configuration distributed the inside of amorphous where a microcrystal grain used as said current 
carrying part which used Fe as a principal component serves as said insulating section containing one 
sort or two sorts or more of elements M and O chosen from Ti, Zr, Hf, Nb, Ta, Mo, W, and rare earth 
elements, or a compound with N. 

[Claim 14] Said current-limiting layer has an empirical formula of FeaMbOc, and presentation ratios a, 
b, and c are atomic %s, and it is 40<=a<=50, 10<=b<=30, and 20<=c<=40, and is the magnetic sensing 
element according to claim 12 which fills unrelated relation a+b+c=100. 

[Claim 15] Said current- limiting layer has an empirical formula of FedMeNf, and presentation ratios d, 
e, and fare atomic %s, and it is 60<=d<=70, 10<=e<=15, and 19<=f<=25, and is the magnetic sensing 
element according to claim 12 which fills unrelated relation d+e+f=100. 

[Claim 16] Said insulating material film is a magnetic sensing element according to claim 12 which a 
conductive particle which is the layer in which Co mainly oxidized and was formed in this insulating 
material film with any one sort or two sorts or more of metallic materials among Ru, Pt, Au, Rh, Ir, Pd, 
Os, Re, Cu, and Ag is distributing. 

[Claim 17] It is the magnetic sensing element according to claim 1 to 5 which said insulating section of 
said current-limiting layer is an insulating particle, and is distributed in a conductive material film with 
which said insulating particle serves as said current carrying part. 

[Claim 1 8] A manufacture method of a magnetic sensing element characterized by having the following 
production processes. 

(a) The bottom to 1 st electrode layer, an antiferromagnetism layer, a fixed magnetic layer, a 
nonmagnetic interlay er, And a production process which carries out the laminating of the multilayers in 
order of a free magnetic layer, carries out spatter membrane formation of ths insulating material film 
further on the upper surface of said free magnetic layer, and forms two or more holes which lead to said 
insulating material film from the upper surface of said insulating material film even on the inferior 
surface of tongue at this time, (b) — a hole which carried out spatter membrane formation of the 
conductive material film, and was formed on said insulating material film at said insulating material film 
at this time ~ a production process which fills inside with said conductive material film, and (c) — a 
production process which forms the 2nd electrode layer on a current- limiting layer which consisted of 
said insulating material film and a conductive material film. 

[Claim 19] A manufacture method of a magnetic sensing element according to claim 18 which forms a 
substrate layer which consists of a noble-metals element, and forms said insulating material film on said 
substrate layer after that at the aforementioned (a) production process. 

[Claim 20] A manufacture method of a magnetic sensing element according to claim 19 which forms 
said substrate layer among Ru, Pt, Au, Rh, Ir, Pd, Os, and Re with any one sort or two sorts or more of 
noble-metals materials. 

[Claim 21] A manufacture method of a magnetic sensing element according to claim 18 which forms a 
substrate layer which consists of Cu and forms said insulating material film on said substrate layer after 
that at the aforementioned (a) production process. 

[Claim 22] A manufacture method of a magnetic sensing element according to claim 18 to 21 which 
forms said insulating material film as a discontinuum film on said free magnetic layer or a substrate 
layer when carrying out spatter membrane formation of said insulating material film at the 
aforementioned (a) production process. 

[Claim 23] Said insulating material film aluminum, Si, Ti, Zr, Hf, Cr, Ta, V, Spatter membrane 
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formation is carried out by insulating material which consists of any one sort or two sorts or more of 
oxides among Nb, Mo, W, Fe, nickel, and Co. A manufacture method of a magnetic sensing element 
according to claim 22 which stops a spatter where a slot which extends on said insulating material film 
succeeding a time of seeing from a plane parallel to two or more holes or a film surface which leads 
even to the upper surface from an inferior surface of tongue at this time is left behind. 
[Claim 24] In the time of formation of ah insulating material film of the aforementioned (a) production 
process first Ag, Cu, Zri, germanium, Pb, aluminum, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo, W, Fe, Co, Si, 
nickel, and a film that consists of any one sort or two sorts or more of metallic elements among rare 
earth elements are formed by spatter. Where a slot which extends on a film which consists of this 
metallic element succeeding a time of seeing from a plane parallel to two or more holes or a film surface 
which leads even to the upper surface from an inferior surface of tongue is left behind, a spatter A stop, 
Then, a manufacture method of a magnetic sensing element according to claim 22 which oxidizes a film 
which consists of said metallic element, and uses this oxide film as an insulating material film. 
[Claim 25] Said insulating material film aluminum, Si, Ti, Zr, Hf, Cr, Ta, V, Spatter membrane 
formation is carried out by insulating material which consists of any one sort or two sorts or more of 
nitrides among Nb, Mo, W, Fe, nickel, and Co. A manufacture method of a magnetic sensing element 
according to claim 22 which stops a spatter where a slot which extends on said insulating material film 
succeeding a time of seeing from a plane parallel to two or more holes or a film surface which leads 
even to the upper surface from an inferior surface of tongue at this time is left behind. 
[Claim 26] In the time of formation of an insulating material film of the aforementioned (a) production 
process first Ag, Cu, Zn, germanium, Pb, aluminum, Ti, Zr, Hf, Cr„ Ta, V, Nb, Mo, W, Fe, Co, Si, 
nickel, and a film that consists of any one sort or two sorts or more of metallic elements among rare 
earth elements are formed by spatter. Where a slot which extends on a film which consists of this 
metallic element succeeding a time of seeing from a plane parallel to two or more holes or a film surface 
which leads even to the upper surface from an inferior surface of tongue is left behind, a spatter A stop, 
Then, a manufacture method of a magnetic sensing element according to claim 22 which nitrides a film 
which consists of said metallic element, and uses this nitride as an insulating material film. 
[Claim 27] A manufacture method of a magnetic sensing element characterized by having the following 
production proces 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the magnetic sensing element 
of a CPP (current perpendicular to the plane) mold, even if especially optical element size is large, it can 
make effectual element size small, and it is related with the magnetic sensing element which can raise a 
playback output effectively and easily, and its manufacture method. 
[0002] . • 

[Description of the Prior Art] Drawing 23 is the fragmentary sectional view which looked at the 
structure of the magnetic sensing element in the former from the opposed face side with a record 
medium. 

[0003] The signs 1 shown in drawing 23 are substrate layers, such as Ta, and the antiferromagnetism 
layers 2, such as PtMn, are formed on it. Furthermore on said antiferromagnetism layer 2, the fixed 
magnetic layer 3 formed by NiFe etc. is formed, the nonmagnetic interlayer 4 formed by Cu etc. is 
formed on said fixed magnetic layer 3, and the free magnetic layer 5 formed by NiFe etc. is further 
formed on said nonmagnetic interlayer 4. Moreover, the protective layers 6, such as Ta, are formed on 
said free magnetic layer 5. Multilayers 9 consist of said substrate layer 1 to protective layers 6. 
[0004] Magnetization of said fixed magnetic layer 3 is fixed in the direction, of illustration Y by the 
exchange anisotropy magnetic field with said antiferromagnetism layer 2. 

[0005] Moreover, magnetization of said free magnetic layer 5 is arranged in the direction of illustration 
X by the vertical bias magnetic field from the hard bias layers 7 and 7 formed in the both sides of the 
truck cross direction (the direction of illustration X) of said free magnetic layer 5. 
[0006] As shown in drawing 23 , the electrode layers 8 and 8 are formed on said hard bias layers 7 and 
7. In addition, the width of recording track Tw is determined by the length in the truck cross direction 
(the direction of illustration X) of the upper surface of said free magnetic layer 5. 

[0007] The flow direction of the sense current of the magnetic sensing element shown in drawing 23 is 
called the CIP (current in the plane) mold which flows in the almost parallel direction to each film 
surface of multilayers 9, and the mimetic diagram is shown in drawing 24 . 

[0008] As shown in drawing 24 , the width of face of the upper surface of the free magnetic layer of the 
multilayers which consist of each class from an antiferromagnetism layer to a free magnetic layer is the 
width of recording track Tw, and the length to T and the height direction (the direction of illustration Y) 
of said multilayers of the thickness of said multilayers is MRh. 

[0009] Supposing it sets constant current density (J=I/(MRhxT)) and Thickness T here and reduces MRh 
to said width of recording track Tw and height lengthl/S, the resistance R of said multilayers is fixed 
and, therefore, is fixed. [ of resistance variation deltaR ] Moreover, sense current I becomes 1/S time. 
Therefore, output deltaV (=deltaRxI) will increase small 1/S time. 

[0010] On the other hand, supposing it sets calorific value P constant and reduces MRh to said width of 
recording track Tw and height lengthl/S, since the resistance R of multilayers is fixed, and resistance 
variation deltaR is therefore also fixed and sense current I is fixed, output deltaV will become constant 
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value. 

[001 1] On the other hand, as for the case of the magnetic sensing element of the CPP 
(currentperpendicular to the plane) mold which passes sense current perpendicularly to each film surface 
of multilayers, an output (deltaV) changes as follows. 

[0012] Drawing 25 is the mimetic diagram of the magnetic sensing element of a CPP mold. The width 
of recording track decided by the width of face of the upper surface of the free magnetic layer of the 
multilayers of said magnetic sensing element is shown by Tw like drawing 24 , and the length to T and 
the height direction (the direction of illustration Y) of said multilayers of the thickness of said 
multilayers is MRh. 

[0013] Supposing it sets constant current density (J=I/(TwxMRh)) and Thickness T and reduces said 
width of recording track Tw and height length MRh by 1/S time like the case of the CIP mold described 
above here, R will become theS2 twice as many resistance of said multilayers as this, and, therefore, 
resistance variation deltaR will also become S2 twice. Moreover, sense current I becomes 1/S twice. 
Therefore, output deltaV (=deltaRxI) is fixed. 

[0014] On the other hand, supposing it sets calorific value P constant and reduces said width of 
recording track Tw and height length MRh by 1/S time, R will become theS2 twice as many resistance 
of multilayers as this, and, therefore, resistance variation deltaR will also become S2 twice. Moreover, 
since sense current I becomes 1/S time, output deltaV increases large S times. 

[0015] Thus, when narrow-ization of element size progressed, the direction used as a CPP mold rather 
than a CIP mold could enlarge playback output deltaV, and it was expected that a CPP mold could 
respond to narrow-ization of the element size accompanying a raise in future recording density 
appropriately. 

[0016] " 

[Problem(s) to be Solved by the Invention] however, when said width of recording track Tw and the 
length MRh to the height direction were not set to 0.1 micrometers or less, and element area did not 
become two or less [ 0.01 -micrometer ] namely,, as for the magnetic sensing element of a CPP mold, it 
turned out that a high playback output cannot be obtained more effectively than a CIP mold. 
[0017] Although it is thought that element size becomes small gradually with a raise in future recording 
density Forming the magnetic sensing element which has the element area of 0. 1 -micrometer angle In 
the precision of the photolithography technology in this time, while it is very difficult It is thought that it 
becomes impossible to detect the leakage magnetic field from a record medium by said magnetic 
sensing element effectively, and the fall of a playback output and the fall of the stability of a playback 
wave are caused even if it makes element size small too much not much. 

[0018] Then, this invention is for solving the above-mentioned conventional technical problem, and 
without making optical element size small, effectual element size can be made small and it aims at 
offering the magnetic sensing element which can raise a playback output effectively and easily, and its 
manufacture method. 
[0019] 

[Means for Solving the Problem] This invention is characterized by preparing multilayers which have an 
antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic interlayer, and a free magnetic layer, 
and preparing a current-limiting layer to which the insulating section and a current carrying part were 
directly intermingled through other layers on either [ at least ] the upper surface of said free magnetic 
layer, or the inferior surface of tongue in a magnetic sensing element to which current flows to a film 
surface and a perpendicular direction of each class of said multilayers. 

[0020] This invention is the magnetic sensing element of a CPP mold, and sense current flows to a film 
surface and a perpendicular direction of each class of said multilayers. 

[0021] Therefore, by this invention, although said sense current flows the inside of said current-limiting 
layer perpendicularly, since said current-limiting layer directly prepared in at least the upper surface or 
one side of a free magnetic layer through other layers is considered as a configuration in which the 
insulating section and a current carrying part are intermingled, said sense current will flow only in said 
current carrying part. 
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[0022] For this reason, sense current which flows in a free magnetic layer through said current-limiting 
layer from an electrode layer flows the inside of said free magnetic layer locally only into said current 
carrying part and a portion which counters (current density of this portion will become high locally). 
[0023] Therefore, according to this invention, even if it forms greatly element area (this element area is 
called optical element area) of a free magnetic layer in a direction parallel to a film surface to the same 
extent with the former, sense current actually flows in said free magnetic layer. Element area (fhis 
element area is called effectual element area) which participates in a magneto-resistive effect can be 
made small. Therefore, even if optical element size forms said magnetic large sensing element using 
photolithography technology of having a precision comparable as the former, a magnetic sensing 
element of a CPP mold with a high playback output can be formed easily. 

[0024] Moreover, since element size can be greatly formed to the same extent with the former, it is 
possible to detect an external magnetic field from a record medium by said magnetic sensing element 
effectively, and it is possible to aim at improvement in a playback output and improvement in the 
stability of a playback wave. 

[0025] Moreover, it is desirable that a noble-metals material layer is formed in either an inferior surface 
of tongue of said current-limiting layer or the upper surface and both in this invention. At this invention, 
said current-limiting layer needs for contrast of conductivity of opening (namely, portion used as a 
current path of sense current) and non-opening to be high, when this is seen in the longitudinal section 
(field cut from thickness). 

[0026] As the above-mentioned contrast is a bad example and drawing 26 is shown in drawing 26 , an 
insulator layer (insulating section) which has irregularity in the GMR film top whole surface is formed. 
Formation of such an insulator layer is the case where oxidation progresses beyond necessity. And an 
electric conduction film is formed on this insulator layer, and a current-limiting layer consists of this 
insulator layer and an electric conduction film. However, in an example shown in drawing 26 , since 
said insulator layer is formed in the whole surface on a GMR film, although current (shown by arrow 
head) which passes through the inside of this current-limiting layer becomes easy to flow into a portion 
of a thin insulator layer of thickness, it cannot narrow down a current path appropriately, and deltaR*A 
on appearance (resistance variation * element area) does not improve appropriately only by contact 
resistance increasing. 

[0027] On the other hand, drawing 27 is an example with the above-mentioned good contrast, and as 
shown in d rawing 27 , a current-limiting layer is formed on a substrate layer formed with noble metals 
on a GMR film. 

[0028] On said substrate layer, it is dotted with an insulator layer (insulating section) which constitutes 
said current-limiting layer for example, in the shape of an island, and it is formed, between said insulator 
layers, it applies to the upper surface from an inferior surface of tongue, two or more holes are formed, 
and this hole serves as opening, and an electric conduction film (current carrying part) - this hole — 
inside is filled. In an example shown in drawing 27 , contrast of opening (hole) and non-opening 
(insulating section) is good, current (shown by arrow head) which flows the inside of said current- 
limiting layer is concentrated on said opening, it flows, and a current path is narrowed down 
appropriately.. Therefore, it can be comparing with an example of drawing 26 , upper deltaR*A 
(resistance variation * element area) can be raised, and improvement in reproducing characteristics, such 
as a playback output, can be aimed at appropriately. 

[0029] It is desirable to cover with a substrate layer of noble metals for making the above-mentioned 
contrast good, as shown in drawing 27 . A substrate layer of said noble metals can have small surface 
energy (gammas), and an insulator layer of the shape for example, of an island can be appropriately 
grown up on said substrate layer. Thus, it calls it Volmer-Weber(VW) mold growth to carry out film 
growth to the shape of an island, details of this VW mold growth - the Magnetics Society of Japan - 
"thin film growth process introduction 1 ' Vol.14 and No. - please refer to 3 and 1990 (P527-P531). 
[0030] moreover, a thing covered with a substrate layer of said noble metals - for example, when the 
shape of an island is made to carry out film growth of the metaled thin film on said substrate layer and 
this thin film is oxidized, this oxidation does not attain to even a GMR film currently formed in the 
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bottom of said substrate layer. If oxidation attains to even a GMR film, contrast will get worse like 
drawing 26 , but since oxidation does not attain to even a GMR film, contrast of opening and non- 
opening can be kept good. 

[0031] Moreover, by preparing a layer (protective layer) which consists of said noble-metals element on 
said current-limiting layer, oxygen is not spread even in a layer formed on said current-limiting layer of 
heat treatment performed after said current-limiting stratification and into a manufacturing process, but 
still good contrast can be maintained. 

[0032] As for said noble-metals material layer, in this invention, it is desirable to be formed among Ru, 
Pt Au, Rh, Ir, Pd, Os, and Re with any one sort or two sorts or more of noble-metals materials. Or it 
replaces with said noble-metals material layer, and Cu layer may be formed. 
[0033] Moreover, it is desirable that said current-limiting layer is directly prepared in a current 
attainment side side of said free magnetic layer through other layers in this invention at least. Since this 
narrows down a current path of sense current appropriately and effectual element area cart be made 
small, it becomes possible to manufacture a CPP mold MAG sensing element with a high playback 

[0034] moreover, an insulating material film with which two or more holes with which said insulating 
section of said current-limiting layer leads even to an inferior surface of tongue from the upper surface 
of said current-limiting layer at least were prepared in this invention - it is ~ this hole --. it is desirable 
that a conductive material film used as said current carrying part is embedded inside. 
[0035] Or in this invention, said insulating section of said current-limiting layer has a slot which extends 
succeeding a time of seeing from a plane parallel to a film surface, this slot is formed even through an 
inferior surface of tongue from the upper surface of said current-limiting layer, and it is desirable that a 
conductive material used as said current carrying part is embedded at said Mizouchi. 
[0036] Or it is the insulating material film with which a hole with which said insulating section of said 
current-limiting layer leads even to an inferior surface of tongue from the upper surface of said current- 
limiting layer at this invention, and a slot which extends succeeding a time of seeing from a plane 
parallel to a film surface, and leads even to an inferior surface of tongue from the upper surface of said 
current-limiting layer were intermingled, and it is desirable that a conductive material used as said 
current carrying part is embedded at said hole and Mizouchi. 

[0037] Moreover, as for said insulating material film, in this invention, being formed at an oxide film or 
a nitride is desirable. As for said oxide film, at this time, it is desirable to be formed by Ag, Cu, Zn, 
germanium, Pb, aluminum, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo, W, Fe, Co, Si, nickel, and insulating material 
that consists of any one sort or two sorts or more of oxides among rare earth elements. 
[0038] Moreover, as for said nitride, it is desirable to be formed by Ag, Cu, Zn, germanium, Pb, 
aluminum, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo, W, Fe, Co, Si, nickel, and insulating material that consists of 
any one sort or two sorts or more of nitrides among rare earth elements. 

[0039] Or in this invention, said current carrying part of said current-limiting layer is a conductive 
particle, and, as for said conductive particle, it is desirable to distribute in an insulating material layer 
used as said insulating section. 

[0040] As for said current-limiting layer, as a concrete example, it is desirable that it is the film 
configuration distributed the inside of amorphous where a microcrystal grain used as said current 
carrying part which used Fe as a principal component serves as said insulating section containing one 
sort or two sorts or more of elements M and O chosen from Ti, Zr, Hf, Nb, Ta, Mo, W, and rare earth 
elements or a compound with N. ... , 

[0041] In addition, said current-limiting layer has an empirical formula of FeaMbOc, it is atomic /o and 
it is [ the presentation ratios a, b, and c are 40<=a<=50, 1 0<=b<=30, and 20<=c<=40, and ] desirable 
[ the ratios ] in the above-mentioned case, to fill relation it is unrelated a+b+c-100. 

[0042] Moreover, in this invention, said current-limiting layer has an empirical formula of FedMeNf, the 
presentation ratios d, e, and fare atomic %s, it is 60<=d<=70, 10<=e<=15, and 19<=f<=25, and it is 
desirable to fill relation it is unrelated d+e+f=l 00. 

[0043] Moreover, in this invention, said insulating material film is the layer in which Co mainly 
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oxidized, and a conductive particle formed in this insulating material film with any one sort or two sorts 
or more of metallic materials among Ru, Pt, Au, Rh, Ir, Pd, Os, Re, Cu, and Ag may be distributing it. 
[0044] Or in this invention, said insulating section of said current-limiting layer is an insulating particle, 
and said insulating particle may be distributed in a conductive material film used as said current carrying 
part. » 

[0045] In the above-mentioned current-limiting layer, it can consider as a film configuration in which 
the insulating section and a current carrying part are all intermingled appropriately, and it is possible to 
attain narrow-ization of effectual element size appropriately. 

[0046] Moreover, a manufacture method of a magnetic sensing element in this invention is characterized 
by having the following production processes. 

(a) The bottom to 1st electrode layer, an antiferromagnetism layer, a fixed magnetic layer, a 
nonmagnetic interlayer, And a production process which carries out the laminating of the multilayers in 
order of a free magnetic layer, carries out spatter membrane formation of the insulating material film 
further on the upper surface of said free magnetic layer, and forms two or more holes which lead to said 
insulating material film from the upper surface of said insulating material film even on the inferior 
surface of tongue at this time, (b) — a hole which carried out spatter membrane formation of the 
conductive material film, and was formed on said insulating material film at said insulating material film 
at this time — a production process which fills inside with said conductive material film, and (c) — a 
production process which forms the 2nd electrode layer on a current-limiting layer which consisted of 
said insulating material film and a conductive material film. 

[0047] an insulating material film by which two or more holes which lead even to the upper surface 
from an inferior surface of tongue were easily prepared in the upper surface of a free magnetic layer 
according to the above-mentioned production process, and this hole - it is possible to form easily a 
current-limiting layer which consists of electrical conducting material layers embedded inside. 
[0048] Moreover, it is desirable to form a substrate layer which consists of a noble-metals element, and 
to form said insulating material film on said substrate layer after that at the aforementioned (a) 
production process, in this invention. It is desirable to form said substrate layer among Ru, Pt, Au, Rh, 
Ir, Pd, Os, and Re with any one sort or two sorts or more of noble-metals materials at this time. 
[0049] Or at the aforementioned (a) production process, a substrate layer which consists of Cu may be 
formed and said insulating material film may be formed on said substrate layer after that. 
[0050] Moreover, when carrying out spatter membrane formation of said insulating material film at the 
aforementioned (a) production process in this invention, it is desirable to form said insulating material 
film as a discontinuum film on said free magnetic layer or a substrate layer. It becomes easy for this to 
form two or more holes which lead to said insulating material film from an inferior surface of tongue 
even on the upper surface. In order to use said insulating material film as a discontinuum film, selection 
and spatter conditions of a material are important. Spatter conditions are substrate temperature, the 
distance between Ar gas pressure, a substrate, and a target, etc. 

[0051] Moreover, if it covers with a substrate layer which consists of said noble-metals element as 
described above, it will become easy to form said especially insulating material film as a discontinuum 
film. The reason of surface energy of said substrate layer is low compared with the GMR film surface, 
and is because an element condenses and it is easy to form a nucleus. 

[0052] In this invention, said insulating material film Moreover, aluminum, Si, Ti, Zr, Hf, Spatter 
membrane formation is carried out by insulating material which consists of any one sort or two sorts or 
more of oxides among Cr, Ta, V, Nb, Mo, W, Fe, nickel, and Co. It is desirable to stop a spatter, where a 
slot which extends on said insulating material film succeeding a time of seeing from a plane parallel to 
two or more holes or a film surface which leads even to the upper surface from an inferior surface of 
tongue at this time is left behind. 

[0053] In this invention, it sets at the time of formation of an insulating material film of the 
aforementioned (a) production process. First Moreover, Ag, Cu, Zn, germanium, Pb, aluminum, Ti, Zr, 
Hf, Cr^ Ta, V, Any one sort or two sorts or more of metallic elements are formed by spatter among Nb, 
Mo, W, Fe, Co, Si, nickel, and rare earth elements. It is desirable to oxidize a film which consists a 
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spatter of said metallic element a stop and after that, where a slot which extends on a film which consists 
of this metallic element succeeding a time of seeing from a plane parallel to two or more holes or a film 
surface which leads even to the upper surface from an inferior surface of tongue is left behind, and to 
use this oxide film as an insulating material film. ' . 

[0054] As described above, when an oxidation production process is required, by covering the bottom of 
said current-limiting layer with a substrate layer formed by noble-metals element especially, it 'can avoid 
appropriately that said oxidation attains to a GMR film formed in the bottom of said substrate layer, and 
contrast of opening of said current-limiting layer and non-opening can be kept good. 
[0055] In this invention, said insulating material film Moreover, aluminum, Si, Ti, Zr, Hf, Spatter 
membrane formation is carried out by insulating material which consists of any one sort or two sorts or 
more of nitrides among Cr, Ta, V, Nb, Mo, W, Fe, nickel, and Co. It is desirable to stop a spatter, where 
a slot which extends on said insulating material film succeeding a time of seeing from a plane parallel to 
two or more holes or a film surface which leads even to the upper surface from an inferior surface of 
tongue at this time is left behind. 

[0056] Or in this invention, it sets at the time of formation of an insulating material film of the 
aforementioned (a) production process. First Ag, Cu, Zn, germanium, Pb, aluminum, Ti, Zr, Hf, Cr, Any 
one sort or two sorts or more of metallic elements are formed by spatter among Ta, V, Nb, Mo, W, Fe, 
Co, Si, nickel, and rare earth elements. It is desirable to nitride a film which consists a spatter of said 
metallic element a stop and after that, where a slot which extends on a film which consists of this 
metallic element succeeding a time of seeing from a plane parallel to two or more holes or a film surface 
which leads even to the upper surface from an inferior surface of tongue is left behind, and to use this 
nitride as an insulating material film. 

[0057] Moreover, a manufacture method of a magnetic sensing element in this invention is. characterized 
by having the following production processes, (d) The bottom to 1st electrode layer, an 
antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic interlayer, The laminating of the 
multilayers is carried out in order of a free magnetic layer. Further and on the upper surface of said free 
magnetic layer It has an empirical formula and the presentation ratios a, b, and c are atomic %s. 
FeaMbOc (however, one sort or two sorts or more of elements with which Element M is chosen from Ti, 
Zr, Hf, Nb, Ta, Mo, W, and rare earth elements) - Relation it is unrelated a+b+c=100 is filled with 
4o'<=a<=50, 10<=b<=30, and 20<=c<=40. Moreover, a production process to which spatter membrane 
formation of the current-limiting layer which has a film configuration distributed the inside of 
amorphous where a microcrystal grain which used Fe as a principal component contains a compound 
with Elements M and O is carried out and a production process which forms the 2nd electrode layer on 
the (e) aforementioned current-limiting layer. 

[0058] It is desirable that heat-treat the above-mentioned current-limiting layer in this invention, 
promote oxidation of an element in which it tends to oxidize in a film by this heat treatment, and 
opening of said current-limiting layer adjusts comparatively (ratio). As for a rate of said opening, it is 
desirable that it is 10% - about 30% of the whole. 

[0059] Or it replaces with FeaMbOc of the aforementioned (d) production process in this invention, and 
is FedMeNf (however, Element M). It has an empirical formula which consists of one sort or two sorts 
or more of elements chosen from Ti, Zr, Hf, Nb, Ta, Mo, W, and rare earth elements, and the 
presentation ratios d, e, and fare atomic %s. A microcrystal grain which filled with 60<=d<-70, 
10<=e<=15? and 19<==f<= 25 relation it is unrelated d+e+f=100, and used Fe as a principal component 
may carry out spatter membrane formation of the current-limiting layer which has a film configuration 
distributed the inside containing a compound with Elements M and N of amorphous. 
[0060] By above-mentioned manufacture method, a microcrystal grain which used Fe as a principal 
component can form easily in the upper surface of a free magnetic layer a current-limiting layer 
distributed the inside containing one sort or two sorts or more of elements M and O chosen from Ti, Zr, 
Hf, Nb, Ta, Mo, W, and rare earth elements, or a compound with N of amorphous. 
[0061] Moreover, by this invention, it replaces with FeaMbOc of the aforementioned (d) production 
process, and after carrying out spatter membrane formation of the material which contains any one sort 
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or two sorts or more of metallic elements for a current-limiting layer with Co among Ru, Pt, Au, Rh, Ir, 
Pd, Os, Re, Cu, and Ag, by performing heat treatment, it may oxidize and Co may be formed. 
[0062] Moreover, before forming said current-limiting layer in the aforementioned (d) production 
process in this invention, it is desirable to form in the upper surface of said free magnetic layer a 
substrate layer which consists of a noble-metals material. 

[0063] As especially described above, when using a manufacturing process which it heat-treats 
[ manufacturing process ] to a current-limiting layer, and advances a rate of an oxidizing zone, it is able 
to make it for oxidation not to attain to even a GMR film formed in the bottom of said substrate layer by 
preparing a substrate layer which consists of a noble-metals element in the bottom of said current- 
limiting layer. 

[0064] In addition, it is desirable to form said substrate layer among Ru, Pt, Au, Rh, Ir, Pd, Os, and Re 
with any one sort or two sorts or more of noble-metals materials. Or in the aforementioned (d) 
production process, before forming said current-limiting layer, it is desirable to form in the upper 
surface of said free magnetic layer a substrate layer which consists of Cu. 

[0065] Moreover, it is desirable to form a protective layer which becomes the upper surface of said 
current- limiting layer from any one sort or two sorts or more of noble-metals materials among Pt, Au, 
Rh, Ir, Pd, Os, and Re after forming said current-limiting layer at this invention. Or although heat 
treatment may be performed after forming a protective layer which consists of Cu forms said current- 
limiting layer in the upper surface of said current-limiting layer in a manufacturing process of a 
desirable magnetic sensing element after forming a current-limiting layer, it is possible to prevent 
appropriately diffusion of oxygen to a layer formed on said current-limiting layer by having prepared a 
protective layer which consists of said noble-metals element. In addition, in this case, said protective 
layer can be used as the 2nd electrode layer. , 

[0066] Moreover, by this invention, the laminating of the multilayers may be carried out from the 
bottom in order of a 1st electrode layer, current-limiting layer, free magnetic layer, and nonmagnetic 
interlayer, a fixed magnetic layer, and an antiferromagnetism layer. 
[0067] 

[Embodiment of the Invention] Drawing 1 is the fragmentary sectional view which looked at the 
magnetic whole sensing element (single spin bulb mold magneto-fesistive effect element) structure of 
the 1st operation gestalt of this invention from the opposed face side with a record medium. In addition, 
drawing 1 fractures and shows only a part for the center section of the element prolonged in the direction 
of X 

[0068] The shield layer (not shown) is prepared through the gap layer (not shown), and said magnetic 
sensing element, a gap layer, and a shield layer are doubled, and it is called an MR head to the upper and 
lower sides of the magnetic sensing element shown in drawing 1 . 

[0069] In addition, when the electrode layers 20 and 33 shown in drawing 1 may serve as said gap layer 
or said electrode layers 20 and 33 are formed with a magnetic material, you may serve as the shield 
layer. 

[0070] Said MR head is for reproducing the external signal recorded on the record medium. Moreover, 
in this invention, the laminating of the inductive head for record may be carried out on said MR head. 
The shield layer (up shield layer) formed in said magnetic sensing element bottom may be made to serve 
a double purpose as a lower core layer of said inductive head. 

[0071] Moreover, said MR head is formed on the trailing end face of the slider formed for example, with 
alumina-titanium carbide (aluminum203-TiC). Said slider is joined to the supporter material by 
stainless steel material etc. in which elastic deformation is possible by the opposed face [ with a record 
medium ], and reverse side side, and magnetic-head equipment is constituted. 

[0072] The sign 20 shown in drawing 1 is the 1st electrode layer. Said 1st electrode layer 20 is formed 
by alpha-Ta, Au, Cr and Cu (copper), W (tungsten), etc. 

[0073] The substrate layer 21 is formed in the center of the upper surface of said 1st electrode layer 20. 
As for said substrate layer 21, it is desirable to be formed by at least one or more sorts in Ta, Hf, Nb, Zr, 
Ti, Mo, and W. Said substrate layer 21 is formed by the thickness of 50A or less degree. In addition, this 
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substrate layer 21 does not need to be formed. 

[0074] Next, the seed layer 22 is formed on said substrate layer 21. Said seed layer 22 consists mainly of 
a face-centered cubic, and priority orientation of the field (1 1 1) is carried out in the direction parallel to 
an interface with the antiferromagnetism layer 23 explained below. As for said seed layer'22, it is 
desirable to be formed with a NiFe alloy or a nickel -Fe-Y alloy (however, at least one or more sorts as 
which Y is chosen from Cr, Rh, Ta, Hf, Nb, Zr, and Ti). A field (111) becomes easy to carry out priority 
orientation of the seed layer 22 formed with these quality of the materials by being formed on the 
substrate layer 21 formed by Ta etc. in the direction parallel to an interface with the antiferromagnetism 
layer 23. Said seed layer 22 is formed by about 30A. 

[0075] In addition, since the magnetic sensing element in this invention is a CPP mold with which sense 
current flows to the film surface and perpendicular direction of each class, it has the need that sense 
current flows suitable also for said seed layer 22. Therefore, as for said seed layer 22, it is desirable that 
it is not the high quality of the material of specific resistance. That is, as for said seed layer 22, in a CPP 
mold, it is desirable to be formed with the low quality of the material of specific resistance, such as a 
NiFe alloy. In addition, said seed layer 22 does not need to be formed. 
[0076] Next, the antiferromagnetism layer 23 is formed on said seed layer 22. As for said 
antiferromagnetism layer 23, it is desirable to be formed with the antiferromagnetism material 
containing Elements X (however, for X to be one sort or two sorts or more of elements 4mong Pt, Pd, Ir, 
Rh, Ru, and Os) and Mn. Or said antiferromagnetism layer 23 is Element X and element X f (however, 
element X'). Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, 
germanium, Zr, Nb, Mo, Ag, Cd, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth elements ~ one 
sort or two sorts or more of elements - it is - being formed with the antiferromagnetism material 
containing Mn is desirable. 

[0077] These antiferromagnetism materials may generate a big exchange anisotropy magnetic field in an 

interface with the fixed magnetic layer 24 which is excellent in corrosion resistance, and blocking 

temperature is also high and is moreover explained below. Moreover, as for said antiferromagnetism 

layer 23, it is desirable to be formed by thickness 300A or less by 80A or more. 

[0078] Next, the fixed magnetic layer 24 is formed on said antiferromagnetism layer 23. With this 

operation gestalt, said fixed magnetic layer 24 is formed by the three-tiered structure. 

[0079] The layer of the signs 51 and 53 which constitute said fixed magnetic layer 24 is a magnetic 

layer, for example, is formed by Co, CoFe, NiFe, CoFeNi, etc. Said magnetic layer 51 and the interlayer 

52 formed by Ru etc. among 53 intervene, and this configuration changes mutually the magnetization 

direction of said magnetic layer 51 and said magnetic layer 53 into an anti-parallel condition. This is 

called the so-called artificial ferry structure. 

[0080] When an exchange anisotropy magnetic field occurs by heat treatment among a magnetic field 
between said antiferromagnetism layer 23 and the magnetic layer 51 which touches said 
antiferromagnetism layer 23 of said fixed magnetic layer 24, for example, magnetization of said 
magnetic layer 51 is fixed in the height direction (the direction of illustration Y), the height direction is 
magnetized by hard flow (the direction of illustration Y, and hard flow), and another magnetic layer 53 
is fixed by the RKKY interaction. The exchange anisotropy magnetic field which changes into the 
condition that magnetization of said fixed magnetic layer 24 was stabilized by this configuration, and is 
generated in the interface of said fixed magnetic layer 24 and said antiferromagnetism layer 23 can be 
enlarged seemingly. 

[0081] In addition, for example, the thickness of said magnetic layers 51 and 53 is formed by about 10- 
70A, respectively^ Moreover, an interlayer's 52 thickness is formed by 3 A - about 10A; 
[0082] Moreover, as the magnetic moments per unit area differ, respectively, as for said magnetic layers 
51 and 53, the quality of the material and thickness of said magnetic layers 51 and 53 differ from each 
other, respectively. When said magnetic moment is set up by the saturation magnetization Msx thickness 
t, for example, said magnetic layers 51 and 53 are both formed with the material of the same 
presentation by the same quality of the material, the magnetic moment of said magnetic layers 51 and 53 
can be changed by changing the thickness of said magnetic layers 51 and 53. It is possible to make said 
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magnetic layers 5 1 and 53 into artificial ferry structure appropriately by this. 
[0083] In addition, by this invention, said fixed magnetic layer 24 may be formed by monolayer or 
cascade screens, such as not ferry structure but a NiFe alloy, a NiFeCo alloy, or a CoFe alloy. 
[0084] The nonmagnetic interlayer 25 is formed on said fixed magnetic layer 24. Said nonmagnetic 
interlayer 25 is formed with a conductive material with low electric resistance, such as Cu. Said 
nonmagnetic interlayer 25 is formed by about 25A thickness. 

[0085] Next, the free magnetic layer 26 is formed on said nonmagnetic interlayer 25. As for said free 
magnetic layer 26, it is desirable that it is formed with two-layer structure and the Co film 54 is formed 
in the side which counters with said nonmagnetic interlayer 25. Diffusion of the metallic element in an 
interface with said nonmagnetic interlayer 25 etc. can be prevented by this, and resistance rate of change 
(deltaGMR) can be enlarged. Moreover, it is desirable that the magnetic layer 55 formed with a NiFe 
alloy, a CoFe alloy, Co, a CoNiFe alloy, etc. is formed on said Co film 54. Moreover, as for the 
thickness of said whole free magnetic layer 26, it is desirable to be formed by the thickness of 100A or 
less degree by 20A or more. 

[0086] In addition, said free magnetic layer 26 may be formed by 1 layer structure which used one of the 
above-mentioned magnetic materials. 

[0087] The current-limiting layer 27 is formed on said free magnetic layer 26. The membrane structure 
of said current-limiting layer 27 etc. is explained in detail later. • , • 

[0088] In this invention, the both-sides end faces 28a and 28a of the truck cross direction (the direction 
of illustration X) of the multilayers 28 from said substrate layer 21 to said current-limiting layer 27 are 
the continuous irjclined planes, and said multilayers 28 serve as abbreviation trapezoidal shape. 
[0089] As shown in drawing 1 , the insulating layer 29 is formed in the both-sides field of the truck 
cross direction of said multilayers 28: Said insulating layer 29 is formed by general insulating materials, 
such as aluminum203 and Si02. 

[0090] As for upper surface 29a of said insulating layer 29, it is more desirable than the inferior surface 
of tongue of said free magnetic layer 26 to be formed in the illustration bottom (for an illustration Z 
direction to be hard flow). 

[0091] The bias substrate layer 30 is formed on said insulating layer 29. Moreover, the hard bias layer 
3 1 is formed on said bias substrate layer 30. Said hard bias layer 31 is formed in the location which 
counters the both sides of said free magnetic layer 26. Said hard bias layer 3 1 is magnetized crosswise 
[ truck ] (the direction of illustration X), and magnetization of said free magnetic layer 26 is arranged in 
the direction of illustration X by the vertical bias magnetic field from said hard bias layer 31. 
[0092] Said bias substrate layer 30 is formed in order to raise the property (coercive force He, a 
remanence ratio S) of said hard bias layer 31. 

[0093] As for said bias substrate layer 30, in this invention, it is desirable that the crystal structure is 
formed at the metal membrane of body-centered cubic structure (bec structure). In addition, as for the 
crystal orientation of said bias substrate layer 30, it is desirable at this time that a field (100) carries out 
priority orientation. . 

[0094] Moreover, said hard bias layer 31 is formed with a CoPt alloy, a CoPtCr alloy, etc. The crystal 
structure of these alloys serves as hexagonal close packed structure (hep) single phase or a mixed phase 
of face centered cubic structure (fee) and hexagonal close packed structure (hep). 

[0095] Since the lattice constant of the hep structure of the CoPt system alloy which constitutes the bias 
substrate layer 30 formed by the above-mentioned metal membrane and the hard bias layer 31 here 
serves as a near value, a CoPt system alloy becomes that it is easy to be formed by hep structure that it is 
hard to form fee structure. At this time, priority orientation of the c-axis of hep structure is carried out 
into the interface of a CoPt system alloy and a bias substrate layer. Since said hep structure produces a 
big magnetic anisotropy in the direction of a c-axis compared with fee structure, the coercive force He 
when giving a magnetic field to the hard bias layer 31 becomes large. Furthermore, since the c-axis of 
hep serves as priority orientation in the interface of a CoPt system alloy and a bias substrate layer, 
residual magnetization increases and the remanence ratio S called for by residual 

magnetization/saturation magnetic flux density becomes large. Consequently, the property of said hard 
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bias layer 3 1 can be raised, and the bias magnetic field generated from said hard bias layer 3 1 can be 
increased 

[0096] As for the metal membrane of body-centered cubic structure (bcc structure), it is desirable that 
the crystal structure is formed in this invention by any one sort or two sorts or more of elements of Cr, 
W, Mo, V, Mn, Nb, and Ta. . 
[0097] Moreover, in this invention, although it is desirable to be formed only in the hard bias layer 31 
bottom as for said bias substrate layer 30, you may intervene a little also between both-sides end-face 
28a of said multilayers 28, and the hard bias layer 31. As for the thickness in the truck cross direction 
(the direction of illustration X) of the bias substrate layer 30 formed in both-sides end-face 28a of said 
multilayers 28, it is desirable that it is lnm or less. 

[0098] Since said hard bias layer 3 1 and free magnetic layer 26 are made magnetically by this at a 
continuum, the edge of said free magnetic layer 26 does not generate problems, such as a buckling 
phenomenon in which it is influenced of an anti-magnetic field,, either, but can make easy magnetic- 
domain control of said free magnetic layer 26. , ...... , 

[0099] Moreover, as shown in drawing 1 , the insulating layer 32 is formed on said hard bias layer 31. 
Said insulating layer 32 is formed by general insulating materials, such as aluminum 203 and Si02. 
[0100] In addition, although flattening of the upper surface of said insulating layer 32 and the upper 
surface of the current-limiting layer 27 is carried out on the same side with this operation gestalt, the 
upper surface of said insulating layer 32 and the upper surface of said current-limiting layer 27 do not 
need to be on the same field. 

[0101] And it applies on the current-limiting layer 27 from on said insulating layer 32, and the 2nd 
electrode layer 33 is formed. Said 2nd electrode layer 33 is formed by alpha-Ta, Au, Cr and Cu (copper), 
W (tungsten), etc. like said 1st electrode layer 20. , ™ a. 

[0102] With this operation gestalt, although sense current flows towards the 1st electrode layer 20 rrom 
said 2nd electrode layer 33, said sense current may flow towards the 2nd electrode layer 33 from the 1st 
electrode layer 20. Therefore, said sense current flows each class in multilayers 28 to a film surface and 
a perpendicular direction, and the flow direction of such sense current is called a CPP mold. 
[0103] In this magnetic sensing element, detection current (sense current) is given to the fixed magnetic 
layer 24 the nonmagnetic middle class 25, and the free magnetic layer 26, the transit direction of record 
media such as a hard disk, is a Z direction, and if the leak magnetic field from a record medium is given 
in the direction of Y, magnetization of the free magnetic layer 26 will change from the one direction of 
the direction of illustration X towards the direction of Y. Electric resistance changes by the relation 
between fluctuation of the direction of magnetization within this free magnetic layer 26, and the fixed 
magnetization direction of the fixed magnetic layer 24 (this is called magneto-resistive effect), and the 
leak magnetic field from a record medium is detected by the voltage change based on this electric 
resistance value change. , 
[0104] By the way, in this invention, as shown in drawing 1 , the current-limiting layer 27 is tormed 
between said free magnetic layer 26 and the 2nd electrode layer 33. 

[0105] The current-limiting layer 27 in this invention is a film configuration shown in drawing 9 . 
Drawing 9 is the partial mimetic diagram of the antiferromagnetism layer 23, the fixed magnetic layer 
24, the nonmagnetic interlayer 25, the free magnetic layer 26, and the current-limiting layer 27. 
[0106] As shown in drawing 9 , as for said current-limiting layer 27, the insulating material film 
(insulating section) 57 with which two or more holes 56 were formed serves as a base material. Some 
[ at least ] holes 56 have penetrated said insulating material film 57 even from an inferior surface of 
tongue to the upper surface among said holes 56. 

[0107] As shown in drawing 9 , on said insulating material film 57, the conductive material film (current 
carrying part) 58 is formed. Said conductive material film 58 is formed also in the hole 56 formed in 
said insulating material film 57, and it will be buried by said hole 56 with said conductive material film 
58. In addition, by drawing 9 , in order to make the publication on a drawing brief, **** "the conductive 
material film 58" film [ "a hole 56" and ] Becoming is entered only in some holes. 
[0108] As for said insulating material film 57, being formed by the oxide film or the nitride is desirable 
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here. Moreover, as for said oxide film, it is desirable to be formed by Ag, Cu, Zn, germanium, Pd, 
aluminum, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo,.W, Fe, Co, Si, nickel, and' the insulating material that consists 
of any one sort or two sorts or more of oxides among rare earth elements. Moreover, as for a nitride, it is 
desirable to be formed by Ag, Cu, Zn, germanium, Pd, aluminum, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo, W, Fe, 
Co, Si, nickel, and the insulating material that consists of any one sort or two sorts or more of nitrides 
among rare earth elements. 

[0109] These oxide films and a nitride are the quality of the materials which condense in the case of 
spatter membrane formation, and are easy to become a discontinuum film, when membranes are thinly 
formed on said free magnetic layer 26. If it becomes said discontinuum film, the hole 56 penetrated even 
from the upper surface as shown in drawing 9 to an inferior surface of tongue will become said 
insulating material film 57 is easy to be formed. 

[01 10] Moreover, it is an element not only with selection of the quality of the material but important 
spatter conditions whether it becomes said discontinuum film. The spatter conditions for using said 
insulating material film 57 as a discontinuum film are making substrate temperature low at 20 degrees C 
- about 200 degrees C, making Ar gas pressure high to 10 - 50mTorr (1.3-6.7Pa) degree, and separating 
distance, between targets from a substrate to about 200-300mm etc. 

[01 1 1] In addition, in the above-mentioned spatter membrane formation, RF spatter, the RF magnetron 
sputtering method, the DC magnetron sputtering method, the ion beam spatter method, the long slow 
spatter method, the collimation spatter method, or the spatter that combined them can be used, for 
example. 

[01 12] Next, although a common conductive material can be used for the conductive material film 58, 
for example' it can also form by alpha-Ta, Au, Cr and Cu (copper), W (tungsten), etc. like the electrode 
layers 20 and 33, as for said conductive material film 58, it is desirable to be formed among Ru, Pt, Au, 
Rh, Ir, Pd, Os, and Re from any one sort or two sorts or more of noble-metals elements. In addition, Cu 
may be added. 

[01 13] A noble-metals element is the quality of the material which cannot oxidize easily in itself, by 
forming the conductive material film 58 formed from said noble-metals element on the insulating 
material film 57 and in the hole 56, diffusion of oxygen can be controlled by heat treatment etc. and the 
contrast of opening (hole) and non-opening (insulating material layer) which are shown in drawing 9 can 
be kept good. 

[0114] By forming the current-limiting layer 27 in which the insulating section and a current carrying 
part were intermingled on the free magnetic layer 26, the following effects are expectable as mentioned 
above with this invention. 

[0115] That is, like this invention, by the magnetic sensing element of a CPP mold, although the sense 
current which flows from the 2nd electrode layer 33 flows the inside of said current-limiting layer 27 to 
a film surface and a perpendicular direction, since it is considering as the structure which embedded the 
conductive material film (current carrying part) 58 in the hole 56 formed in the insulating material film 
(insulating section) 57 in said current-limiting layer 27, by this invention, said sense current will flow 
only in said conductive material film 58. 

[0116] For this reason, the sense current which flows in the free magnetic layer 26 through said current- 
limiting layer 27 from the 2nd electrode layer 33 flows locally the inside of said free magnetic layer 26 
only into said conductive material film 58 and the portion which counters (the current density of this 
portion will become high locally). 

[0117] Therefore, according to this invention, even if it forms greatly the element area (this element area 
is called optical element area) of the free magnetic layer 26 in a direction parallel to a film surface to the 
same extent with the former, sense current actually flows in said free magnetic layer 26. Element area 
(this element area is called effectual element area) which participates in a magneto-resistive effect can 
be made small. Therefore, even if optical element size forms said magnetic large sensing element using 
the photolithography technology of having a precision comparable as the former, the magnetic sensing 
element of a CPP mold with a high playback output can be formed easily. 

[0118] In addition, in this invention, a magnetic sensing element can be formed in an element area 
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comparable as the former as mentioned above, and the width of recording track Tw specifically shown 
in drawing 9 can be formed in 0.15-0.3 micrometers, and the height lay length MRh can be formed in 
0. 1 5-0.3 micrometers, and, therefore, 0.02-0.09 micrometers of optical element area can be greatly 
formed in 2. 

[01 19] Moreover, as for said effectual element area, in this invention, it is desirable that it is [ 0.01 
micrometer ] two or less. As how to ask for an effectual element area, an optical element area 
(TwxMRh) can be asked, for example, being able to apply the numerical aperture of a hole 56. It can ask 
for this in an outline from the difference of GMR film independent resistance and the resistance of the 
whole element containing an electrode. 

[0120] Moreover, when said current-limiting layer 27 is seen from a plane parallel to a film surface, as 

for the rate of said opening (hole 56), it is desirable that it is 10% - about 30%. 

[0121] Moreover, in this invention, since an optical element area is comparable as the former, it can 

detect the external magnetic field from a record medium by said magnetic sensing element effectively, 

and can manufacture the CPP mold MAG sensing element excellent in highly sensitive reproducing 

characteristics. 

[0122] Moreover, in this invention, the film configuration of said current-limiting layer 27 can show not 
only a thing like drawing 9 but others a film configuration like drawing 10 . 

[0123] The slot 68 which extends succeeding the time of seeing said current-limiting layer from a 
direction parallel to a film surface is formed in said insulating material film 57 of the current-limiting 
layer 27 shown in drawing 10 , and this slot 68 is formed in it even through the inferior surface of 
tongue from the upper surface of said current-limiting layer 27. Although the shape of a plan type of 
said slot 68 is the curve of ** length or is carrying out branch separation on the way, a configuration 
may be what kind of thing. And the electrical conducting material film 58 is formed in said slot 68 and 
on the insulating material layer 57. The difference in the configuration of the insulating material film 57 
of this drawing 9 and drawing 10 is based on the difference in the nuclear growth of a thin film. If the 
thin film (layer which becomes the radical of the insulating material film 57 or the insulating material 
film 57) grows in the shape of an island first and is further grown up on the free magnetic layer 26, these 
islands will begin to adhere and it will form a slot 68 like drawing 10 which extends continuously. 
[0124] That is, the . shape of a plan type of said current-limiting layer 27 changes by in which phase 
growth of a thin film is stopped. It is important that the hole 56 or slot 68 penetrated from an inferior 
surface of tongue on the upper surface on the insulating material film 57 which constitutes said current- 
limiting layer 27, applying is formed appropriately here. If such a hole 56 or a slot 68 penetrates and is 
formed, the conductive material film 58 embedded in this hole 56 or a slot 68 serves as a path which 
passes current to the free magnetic layer 26, and can narrow down a current path appropriately. This is 
as by the way drawing 26 and drawing 27 having already explained, in this invention, like drawing 27 , 
the insulating material film has not covered the free magnetic layer top completely, the hole and slot 
which are penetrated in some places are prepared, and the conductive material layer is embedded at this 
hole and Mizouchi. 

[0125] In addition, although drawing 27 is the example in which the substrate layer which consists of a 
noble-metals element was prepared in the bottom of said current-limiting layer 27, it is explained in full 
detail with reference to a drawing about this example later. 

[0126] Moreover, like drawing 10 , on the insulating material film 57 of said current-limiting layer 27, it 
extends succeeding the time of seeing from the hole 56 which leads even to an inferior surface of tongue 
from the upper surface of said current-limiting layer 27, and a plane parallel to a film surface, and the 
slot 68 which leads even to an inferior surface of tongue from the upper surface of said current-limiting 
layer 27. may be intermingled on it. 

[0127] Next, although the current-limiting layer 27 shown in drawing 9 consists of an insulating 
film 57 with which two or more holes 56 were formed, and a conductive material film 58 which buries 
this hole 56, in this invention, the current-limiting layer 27 which has the following film configurations 
is sufficient as it. 

[0128] By this invention, the target of an insulating material and the target of a conductive material can 
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be prepared, for example, and the current-limiting layer 27 in which the particle of an insulating material 
and the particle of a conductive material were intermingled can be formed on said free magnetic layer 26 
by carrying out the spatter of these two targets to coincidence. 

[0129] The current carrying part of said current-limiting layer 27 is a conductive particle, and, 
specifically, said conductive particle can offer the film configuration currently distributed in the 
insulating material film used as the insulating section. 

[0130] When the current-limiting layer 27 which has the above-mentioned film configuration is 
illustrated, said current-limiting layer 27 is the film configuration distributed the inside of amorphous 
where the microcrystal grain used as the current carrying part which used Fe as the principal component 
serves as the insulating section containing one sort or two sorts or more of elements M and O chosen 
from Ti, Zr, Hf, Nb, Ta, Mo, W, and rare earth elements, or a compound with N. 
[0131] In this current-limiting layer 27, it has the empirical formula of FeaMbOc, and the presentation 
ratios a, b, and c are atomic %s, it is 40<=a<=50, 10<=b<=30, and 20<=c<=40, and it is desirable to fill 
the relation it is unrelated a+b+c=l 00. 

[0132] Or in said current-limiting layer 27, it has the empirical formula of FedMeNf, and the 
presentation ratios d, e, and f are atomic %s, it is 60<=d<=70, 10<=e<=l 5, and 19<=f<=25, and it is 
desirable to fill the relation it is unrelated d+e+f=100. 

[0133] Formation of the above-mentioned current-limiting layer 27 prepares two, the target of Fe, and 
the target of HfD2, and carries out the spatter of these two targets. Thereby, many microcrystal grains 
which used bccFe as the principal component can form said current-limiting layer 27 which deposited in 
the interior of the matrix of an amorphous phase. 

[0134] In addition, in the above-mentioned spatter membrane formation, RF spatter, the RF magnetron 
sputtering method, the DC magnetron sputtering method, the ipn beam spatter method, the long slow 
spatter method, the collimation spatter method, or the spatter that combined them can be used, for 

example. i 
[0135] Or in this invention, the insulating material film which constitutes said current-limiting layer 27 
is the layer in which Co mainly oxidized, and can form the current-limiting layer 27 which the 
conductive particle formed in this insulating material film with any one sort or two sorts or more of 
noble-metals materials among Ru, Pt, Au, Rh, Ir, Pd, Os, Re, Cu- and Ag is distributing. 
[0136] Or the insulating section. of said current-limiting layer 27 may be an insulating particle, and said 
insulating particle may be a film configuration currently distributed in the conductive material film used 
as a current carrying part. 

[0137] In addition, common conductive materials, such as Cu, can be used for the above-mentioned 
conductive particle, and common insulating materials, such as aluminum 203, can also be used for an 
insulating particle. m 
[0138] Moreover, if the thickness of said current-limiting layer 27 is not thinner than the particle size ot 
said conductive particle when forming the current-limiting layer 27 by the so-called granular membrane 
which made the conductive particle intermingled, as described above, said conductive particle will not 
function appropriately as a current path of sense current, but aggravation of reproducing characteristics, 
such as a playback output, will be caused. 

[0139] Next, the thickness of the magnetic sensing element in this invention is explained below. 
[0140] As for the comprehensive thickness T2 (refer to drawing 1 ) of said fixed magnetic layer 24 
(however, magnetic layer 53 which is substantially contributed to a magneto-resistive effect in the case 
of drawing 1 ), the nonmagnetic interlayer 25, and the free magnetic layer 26, in this invention, it is 
desirable that it is 300A or less in 60A or more. For example, the thickness of said fixed magnetic layer 
24 is [ the thickness of about 20A and the free magnetic layer 26 of the thickness of about 20 A and the 
nonmagnetic interlayer 25 ] about 30A. 

[0141] Said comprehensive thickness T2 is the about the same as the mean free path of conduction 
electron in the comprehensive thickness T2 from said fixed magnetic layer 24 to the free magnetic layer 
26 being 300A or less in 60A or more, or it becomes a degree a little smaller than it. For this reason, 
without scattering about the inside of said free magnetic layer 26, said conduction electron can be passed 
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freely and can aim at improvement in the resistance rate of change (deltaMR) of a magnetic sensing 
element. In addition, it declines [ a playback output ] that said comprehensive thickness T2 is thickness 
60 A or less and is not desirable. 

[0142] Moreover, in the magnetic sensing element shown in drawing 1 , sense current flows toward the 
1st electrode layer 20 from the 2nd electrode layer 33 (reverse is sufficient), and said current-limiting 
layer 27 is the attainment side side (in drawing 1 ) of said sense current of said free magnetic layer 26. 
the time of sense current flowing toward the 1st electrode layer 20 from the 2nd electrode layer 33 — the 
upper surface of the free magnetic layer 26 - the attainment side side of the conduction electron of sense 
current, and an inferior surface of tongue — the passage side side of the conduction electron of sense 
current — it is - it is formed. Thereby, said sense current is effectively narrowed down in the portion of 
said current-limiting layer 27, can make effectual element area small, and can manufacture a CPP mold 
MAG sensing element with a high playback output. 

[0143] Next, the focus of the membrane structure of the magnetic sensing element shown in drawing 1 is 
explained below. By the magnetic sensing element shown in drawing 1 ^although the hard bias layer 31 
is formed in the both sides of the truck cross direction (the direction of illustration X) of said free 
magnetic layer 26, the upper and lower sides are surrounded by insulating layers 29 and 32. 
[0144] For this reason, it is possible for the flowing sense current to shunt between said 1st electrode 
layer 20 and the 2nd electrode layer 33 toward the both-sides field of the multilayers 28 from the 
substrate layer 21 to the current-limiting layer 27, to follow in ******, and for said sense current to flow 
the inside of said multilayers 28 appropriately, and to obtain a high playback output. 
[0145] Moreover, when said comprehensive thickness T2 is smaller than the mean free path of 
conduction electron, without changing the direction, conduction electron flows to direct and a 
perpendicular direction, and reaches other electrode layers. In this case, either may be omitted among 
insulating layers 29 and 32. 

[0146] Hereafter, the film configuration of those other than the magnetic sensing element shown in 
drawing 1 is explained. Drawing 2 is the fragmentary sectional view which looked at the structure of the 
magnetic sensing element of the 2nd operation gestalt in this invention from the opposed face side with 
a record medium. In addition, the layer to which the same sign as drawing 1 was attached is indicated to 
be the same layer as drawing 1 . 

[0147] With the operation gestalt shown in drawing 2 , the multilayers 34 by which the laminating was 
carried out from the bottom in the order of the current-limiting layer 27, the free magnetic layer 26, the 
nonmagnetic interlayer 25, the fixed magnetic layer 24, and the antiferromagnetism layer 23 are formed 
in the central upper surface of said 1st electrode layer 20. 

[0148] The both-sides end faces 34a and 34a in the truck cross direction (the direction of illustration X) 
of said multilayers 34 are the continuous inclined planes, and serve as abbreviation trapezoidal shape. 
[0149] The laminating is carried out to the both-sides field of said multilayers 34 from the bottom in the 
order of an insulating layer 35, the bias substrate layer 30, the hard bias layer 31, and an insulating layer 

36. 

[0150] And it applies on said antiferromagnetism layer 23 from on said insulating layer 36, and the 2nd 
electrode layer 33 is formed. 

[0151] The built-up sequence of the multilayers 34 of the operation gestalt shown in drawing 2 is the 
built-up sequence of the multilayers 28 of the operation gestalt shown in drawing 1 with reverse. 
[0152] Also in this operation gestalt, said current-limiting layer 27 is the structure in which the 
insulating section and a current carrying part were intermingled. 

[0153] That is, said insulating section of said current-limiting layer 27 is the film configuration where 
the conductive material film 58 which is the insulating material film 57 with which two or more holes 
which lead even to an inferior surface of tongue from the upper surface of said current- limiting layer 27 
at least were formed, and serves as said current carrying part in this hole 56 was embedded (refer to 
drawing 9 ). Or it is the film configuration where the conductive material film 58 which said insulating 
section of said current-limiting layer 27 has the slot 68 which extends succeeding the time of seeing 
from a plane parallel to a film surface, and this slot 68 is formed even through the upper surface from 
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the inferior surface of tongue of said current-limiting layer, and serves as said current carrying part in 
this slot 68 was embedded (refer to drawing 10 ): 

[0154] Or said current carrying part of said current-limiting layer 27 is a conductive particle, and said 
electric conduction particle is a film configuration currently distributed in the insulating material layer 
used as said insulating section. . 

[0155] Or said insulating section of said current-limiting layer 27 is an insulating particle, and said 
insulating particle is a film configuration currently distributed in the conductive material film used as 
said current carrying part. 

[0156] Moreover, insulating layers 35 and 36 are formed in the upper and lower sides of the hard bias 
layer 3 1 formed in the both-sides field in the truck cross direction (the direction of illustration X) of said 
multilayers 34 also with this operation gestalt. Since it prevents the flowing sense current carrying out 
splitting of between said 1st electrode layer 20 and the 2nd electrode layer 33 to said both-sides field and 
sense current mainly comes to flow to said multilayers 34, it is possible to aim at improvement in a 
playback output. 

[0157] In addition, with the operation gestalt shown in this drawing 2 , said sense current flows towards 
the 2nd electrode layer 33 from the 1st electrode layer 20 (or reverse is sufficient), therefore said 
current-limiting layer 27 is directly formed in the attainment side side of said sense current of said free 
magnetic layer 26. . • 

[0158] Next, drawing 3 is the fragmentary sectional view which looked at the structure of the magnetic 
sensing element of the 3rd operation gestalt in this invention from the opposed face side with a record 
medium. In addition, the layer to which the same sign as drawing 1 is attached shows the same layer as 
drawing 1 . Moreover, sense current flows towards the 1st electrode layer 20 from the 2nd electrode 
layer 33 (or reverse is sufficient). , 

[0159] The film configuration of the multilayers 28 formed between said 1st electrode layer 20 and the 
2nd electrode layer 33 with this operation gestalt is the same as drawing 1 . 

[0160] With this operation gestalt, it applies to the both-sides end faces 28a and 28a of the truck cross 
direction (the direction of illustration X) of said multilayers 28 from on said 1st electrode layer 20, and 
the speculer films (it is also called a specular reflection layer) 37 and 37 are formed. 
[0161] Said speculer film 37 Fe-O, NiO and CoO, CoFeO, CoFeNiO, aluminum-O, and aluminum-Q-O 
(here » Q - B, Si, and N -) One or more sorts chosen from Ti, V, Cr, Mn, Fe, Co, and nickel, R-O (it 
Hf(s) here - R - Cu, Ti, V, Cr, Zr, Nb, and Mo -) oxides chosen from Ta and W, such as one or more 
etc. sorts, aluminum-N, and aluminum-Q-N (here -- Q ~ B --) One or more sorts chosen from Si, O, Ti, 
V, Cr, Mn, Fe, Co, and nickel, It can form with semimetal whistler metals, such as nitrides, such as R-N 
(one or more sorts as which R is chosen from Cu, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W here), NiMnSb, 
and PtMnSb, etc. 

[0162] On said speculer film 37, laminating formation of an insulating layer 29, the bias substrate layer 
30, the hard bias layer 3 1 , and the insulating layer 32 is carried out. And it applies on the current- 
limiting layer 27 from on said insulating layer 32, and the 2nd electrode layer 33 is formed. 
[0163] With this operation gestalt, it can control that can carry out specular reflection of the conduction 
electron by said speculer film 37 even if an optical element area (TwxMRh) of said multilayers 28 
becomes small, and said conduction electron is scattered about by said both-sides end- face 28a by the 
speculer film 37 having been formed in both-sides end-face 28a of said multilayers 28. For this reason, 
the mean free path (spin diffusion length) of said conduction electron can be developed, and it is 
possible to aim at improvement in resistance rate of change further. 

[0164] Drawing 4 is the fragmentary sectional view which looked at the structure of the magnetic 
sensing element of the 4th operation gestalt in this invention from the opposed face side with a record 
medium. In addition, the layer to which the same sign as drawin g 1 is attached shows the same layer as 
drawing 1 . Moreover, sense current flows towards the 1st electrode layer 20 from the 2nd electrode 
layer 33 (or reverse is sufficient). 

[0165] With the operation gestalt shown in drawing 4 , the hard bias layer 39 is formed through the 
middle class 38 on said free magnetic layer 26. And said current-limiting layer 27 is formed on said hard 
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bias layer 39. _ 
[0166] With this operation gestalt, a vertical bias magnetic field is supplied towards said free magnetic 
layer 26 from the both-sides edge of the hard bias layer 39 formed through the middle class 38 on said 
free magnetic layer 26 (an arrow head shows), and magnetization of said free magnetic layer 26 is 
turned in the direction of illustration X. 

[0167] As for said interlay er 38, being formed with a nonmagnetic electrical conducting material is 
desirable. Specifically, it is desirable to be formed with one sort or two sorts or more of alloys among 
Ru, Rh, Ir, Cr, Re, and Cu. Moreover, said interlayer 38 can also serve as the current-limiting layer in 
this invention. The operation gestalt is drawing 5 . 

[0168] With the operation gestalt shown in drawing 5 , the current-limiting layer 27 is formed on said 
free magnetic layer 26. Since it is the same as what was explained by drawing 1 about a film 
configuration, the quality of the material, etc. of said current-limiting layer 27, please refer to there. 
[0169] And the hard bias layer 39 is formed on said current- limiting layer 27. With this operation 
gestalt, since it is not necessary to form an interlayer 38 and the current-limiting layer 27 separately like 
drawing 4 , a manufacturing process can be made easy. 

[0170] However, in drawing 5 , the current-limiting layer 27 may be formed between said hard bias 
layer 39 and the 2nd electrode layer 33. 

[0171] Moreover, in drawing 4 , although said interlayer 38 may be formed by insulating materials, such 
as aluminum 203 and Si02, in this case, he needs to form said interlayer 38 thinly and for the sense 
current which flows between said 1st electrode layer 20 and the 2nd electrode layer 33 to be made not to 
be intercepted in said interlayer's 38 portion. As for said interlayer's 38 thickness, being formed by 20- 
100 A is desirable. 

[0172] Moreover, like this operation gestalt, said current-limiting layer 27 may be formed through other 
layers, even if not directly prepared in the attainment side side (upper surface side) of the sense current 
of said free magnetic layer 26. 

[0173] In addition, said current-limiting layer 27 may be formed among said free magnetic layers 26 and 
interlayers 38, and may be directly formed in the attainment side side of the sense current of said free 
magnetic layer 26. 

[0174] Moreover, like the operation gestalt shown in drawing 2 , when the free magnetic layer 26 is 
formed below said antiferromagnetism layer 23, laminating formation is carried out on said 1st electrode 
layer 20 at the order of the current-limiting layer 27, the hard bias layer 39, an interlayer 38, and the free 
magnetic layer 26. 

[0175] Or laminating formation is carried out on the 1st electrode layer 20 at the order of the hard bias 
layer 39, the current-limiting layer 27, and the free magnetic layer 26. In addition, in this case, sense 
current flows towards the 2nd electrode layer 33 from the 1st electrode layer 20, and the inferior- 
surface-of-tongue side of said free magnetic layer 26 is on the attainment side side of the conduction 
electron of sense current. In addition, the conduction electron of said sense current may flow towards the 
1 st electrode layer 20 from the 2nd electrode layer 33. 

[0176] Like drawing 4 in case of the structure of forming the hard bias layer 39 in the free magnetic 
layer 26 through the middle class 38 Or in case of the structure of forming the hard bias layer 39 in said 
free magnetic layer 26 through the current-limiting layer 27 like drawing 5 It is possible for said free 
magnetic layer 26 not to be magnetized firmly, to be able to rationalize magnetic-domain control of said 
free magnetic layer 26 compared with the case where a hard bias layer is prepared in the both sides of 
said free magnetic layer 26, and to make good magnetization fluctuation to the external magnetic field 
of said free magnetic layer 26. 

[0177] moreover, only the insulating layer 40 is formed in the both-sides field of the truck cross 
direction (the direction of illustration X) of multilayers 41 from said substrate layer 21 to said current- 
limiting layer 27 ( drawing 5 - up to the hard bias layer 39) with the operation gestalt shown in drawing 
4 and drawing 5 . 

[0178] Therefore, only the inside of multilayers 41 is flowed effectively and the sense current which 
flows between the 1st electrode layer 20 and the 2nd electrode layer 33 with the operation gestalt shown 
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in drawing 4 and drawing 5 can reduce the splitting loss of said sense current. 

[0179] Drawing 6 is the fragmentary sectional view which looked at the structure of the magnetic 

sensing element of the 6th operation gestalt in this invention from the opposed face side with a record 

medium. . 
[0180] With the operation gestalt shown in drawing 6 , said free magnetic layer 26 has artificial ferry 

structure of three layers. 

[0181] The layer of the signs 65 and 67 which constitute said free magnetic layer 26 is a magnetic layer, 
for example, is formed by Co, CoFe, NiFe, CoFeNi, etc. Said magnetic layer 65 and the interlayer 66 
formed by Ru etc. among 67 intervene, and this configuration changes mutually the magnetization 
direction of said magnetic layer 65 and said magnetic layer 67 into an anti-parallel condition by the 
RKKY interaction. This is called, the so-called artificial ferry condition. 

[01 82] The thickness of said magnetic layers 65 and 67 is formed by about 10-70 A, respectively. 
Moreover, an interlayer's 66 thickness is formed by 3 A - about 1QA. 

[0183] In addition, as, as for said magnetic layers 65 and 67, the magnetic moments per unit area differ, 
respectively, the quality of the material and thickness of said magnetic layers 65 and 67 differ from each, 
other, respectively. When said magnetic moment is set up by the saturation magnetization Msx thickness 
t, for example, said magnetic layers 65 and 67 are both formed with the material of the same 
presentation by the same quality of the material, the magnetic moment of said magnetic layers 65 and 67 
can be changed by changing the thickness of said magnetic layers 65 and 67. It is possible to make said 
magnetic layers 65 and 67 into artificial ferry structure appropriately by this. 

[0184] By making said free magnetic layer 26 into artificial ferry structure like drawin g 6 ,-izing of said 
free magnetic layer 26 can be carried out [ single domain ] appropriately, there are few Barkhausen 
noises, and it is possible to manufacture a magnetic sensing element with a high playback output. In 
addition, the layer which participates in a magneto-resistive effect among the magnetic layers 65 and 67 
of said free magnetic layer 26 is the magnetic layer 65 which touches the nonmagnetic interlayer 25. 
[01 85] Although the insulating layer 29 is formed in the both sides of the truck cross direction (the 
direction of illustration X) of the multilayers 42 from said substrate layer 21 to said current-limiting 
layer 27 as shown in drawing 6 , the upper surface of said insulating layer 29 may be formed to a 
location comparable as the upper surface of the interlayer 66 of said free magnetic layer 26. That is, 
while constitutes said free magnetic layer 26, and the hard bias layer 3 1 formed through the bias 
substrate layer 30 on said insulating layer 29 may be joined only to the both sides of a magnetic layer 

67. . . . - 

[0186] If the carrier beam aforementioned magnetic layer 67 is magnetized in the direction of 
illustration X in the vertical bias magnetic field from said hard bias layer 3 1 , a magnetic layer 65 will be 
magnetized by the magnetization direction of said magnetic layer 67, and anti-parallel by the RKKY 
interaction between said magnetic layers 67. 

[0187] In addition, the free magnetic layer 26 of the three-layer ferry structure shown m drawing_6 is 
applicable to drawing 2 thru/or each operation gestalt of drawing 5 . 

[0188] Moreover, each of structures which form the hard bias layer 39 in the field which touches the 
nonmagnetic middle class 25 of the . free magnetic layer 26, and the field of the opposite side through the 
middle class 38, and structures which forms the hard bias layer 39 in the field which touches the 
nonmagnetic middle class 25 of the free magnetic layer 26 like drawing 5 , and the field of the opposite 
side through the current-limiting layer 27 is applicable to the operation gestalt of drawing 6 like drawin g 
3 like the structure which forms the speculer film 37 in the both sides of multilayers, and 
[01 89] Drawing 7 is the fragmentary sectional view which looked at the structure of the magnetic 
sensing element of the 7th operation gestalt in this invention from the opposed face side with a record 
medium. 

[0190] The magnetic sensing element shown in drawing 7 is the so-called dual type of spin bulb mold 
thin film. In addition, the layer to which the same sign as drawing 1 was attached shows the same layer 
as drawing 1 . 

[0191] The substrate layer 21, the seed layer 22, the fixed magnetic layer 24 of the 23 or 3 layer ferry 
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structure of antiferromagnetism layers, the nonmagnetic interlayer 25, and the free magnetic layer 26 are 
formed in the central upper surface of the 1 st electrode layer 20 from the bottom. The laminated 
structure so far is the same as drawing 1 . 

[0192] Furthermore with this operation gestalt, the laminating of the fixed magnetic layef 63, the 
antiferromagnetism layer 64, and the current-limiting layer 27 of the three-layer ferry structure which 
consists of interlayers 61, such as Ru which the Co film 54 was formed in the upper surface of said free 
magnetic layer 26, and was formed the nonmagnetic interlayer 59, magnetic layers 60 and 62, and 
between them on it, is carried out one by one. 

[0193] In the case of the dual spin bulb mold thin film of the structure shown in drawing 7 , when fixed 
in the height direction (the direction of illustration Y), the magnetic layer 60 which participates in a 
magneto-resistive effect among the fixed magnetic layers 63 formed above said free magnetic layer 26 is 
also fixed in the height direction (the direction of illustration Y) for the magnetic layer 53 which 
participates in a magneto-resistive effect among the fixed magnetic layers 24 formed below the free 
magnetic layer 26. 

[0194] Moreover, with this operation gestalt, said free magnetic layer 26 may be the ferry structure of 
three layers shown in drawing 6 , and when the magnetic layer 53 of the fixed magnetic layer 24 which 
contributes to a magneto-resistive effect below the free magnetic layer 26 is magnetized in the direction 
of illustration Y in this case, the magnetic layer 60 of the fixed magnetic layer 63 which contributes to a 
magneto-resistive effect above the free magnetic layer 26 is magnetized by hard flow with the direction 
of illustration Y. 

[0195] As shown in drawing 7 , in the both-sides field in the truck cross direction (the direction of 
illustration X) of the multilayers 43 from said substrate layer 21 to the current-limiting layer 27, 
laminating formation of an insulating layer 29, the bias substrate layer 30, the hard bias layer 31, and the 
insulating layer 32 is carried out one by one. 

[0196] Also with this operation gestalt, the gestalt using the speculer film 37 can be used like drawing 

3. 

[0197] Moreover, with this operation gestalt, sense current flows towards the 1st electrode layer 20 from 
the 2nd electrode layer 33 (or reverse is sufficient), and the upper surface side of said free magnetic 
layer 26 has become the attainment side side of said sense current. And although said current- limiting 
layer 27 is formed in the upper surface of the antiferromagnetism layer 64 formed above the free 
magnetic layer 26, said current-limiting layer 27 may be formed between the free magnetic layer 26 and 
the nonmagnetic interlayer 59, and said current-limiting layer 27 may be directly formed in the 
attainment side (upper surface) of the sense current of said free magnetic layer 26. 
[0198] By forming the current-limiting layer 27 in which the insulating section and a current carrying 
part were intermingled on the free magnetic layer 26 like drawing 1 also in the operation gestalt shown 
in drawing 2 thru/or drawing 7 above, the following effects are expectable. 

[0199] Namely, like this invention, by the magnetic sensing element of a CPP mold, although the sense 
current (sense current on which it flows towards the 2nd electrode layer 33 from the 1st electrode layer 
20 in the case of drawing 2 ) which flows towards the 1st electrode layer 20 from the 2nd electrode layer 
33 flows to a film surface and a perpendicular direction, the inside of said current-limiting layer 27 In 
this invention, since it is considering as the structure which embedded the conductive material film 
(current carrying part) 58 in the hole 56 formed in the insulating material film (insulating section) 57 in 
said current-limiting layer 27, said sense current will flow only in said conductive material film 58. 
[0200] For this reason, the sense current which flows in the free magnetic layer 26 through said current- 
limiting layer 27 from the 2nd electrode layer 33 flows locally the inside of said free magnetic layer 26 
only into said conductive material film 58 and the portion which counters (the current density of this 
portion will become high locally). 

[0201] Therefore, according to this invention, even if it forms greatly the element area (this element area 
is called optical element area) of the free magnetic layer 26 in a direction parallel to a film surface to the 
same extent with the former, sense current actually flows in said free magnetic layer 26. Element area 
(this element area is called effectual element area) which participates in a magneto-resistive effect can 
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be made small. Therefore, even if optical element size forms said magnetic large sensing element using 
the photolithography technology of having a precision comparable as the former, the magnetic sensing 
element of a CPP mold with a high playback output can be formed easily. 

[0202] Moreover, in this invention, since an optical element area is comparable as the former, it can 
detect the external magnetic field from a record medium by said magnetic sensing element effectively, 
and can manufacture the magnetic sensing element of the CPP mold excellent in highly sensitive 
reproducing characteristics. 

[0203] In addition, although said current-limiting layer 27 is formed in the attainment side side of the 
sense current of the free magnetic layer 26 also in which operation ge^talt shown in drawing 1 thru/or 
drawing 7 , said current-limiting layer 27 may be directly formed in the attainment side [ of the sense 
current of said free magnetic layer 26 ], and reverse side side through other layers. However, the 
direction which forms said current-limiting layer 27 in a near side by T2 (refer to drawing 1 ) which is 
the portion which generates a magneto-resistive effect substantially can narrow down the current path of 
sense current more appropriately, therefore attains narrow-ization of an effectual element area, and can 
manufacture a CPP mold MAG sensing element with a high playback output. 

[0204] In addition, said current-limiting layer 27 may be directly formed in both upper and lower sides 
of said free magnetic layer 26 through other layers. 

[0205] Drawing 8 is the fragmentary sectional view which looked at the magnetic sensing element of the 

8th operation gestalt of this invention from the opposed face side with a record medium. 

[0206] Drawing 8 has film composition more desirable than drawing 1 thru/or the magnetic sensing 

element of drawing 7 . In drawing 8 , the substrate layer 70 which consists of a noble-metals element is 

formed on said free magnetic layer 26, and the current-limiting layer 27 is formed on this substrate layer 

70. On said current-limiting layer 27, the protective layer 71 which consists of a noble-metals element is 

formed. 

[0207] As drawing 27 explained, it is important that the contrast of the conductivity of opening (hole) 
and non-opening (insulating material film) which were formed in said current-limiting layer 27 in this 
invention is high. Otherwise, it is because the sense current which flows from an electrode layer 
extracts, and is not appropriately put by opening and improvement in deltaR* A on appearance 
(resistance variation * element area) cannot be aimed at. 

[0208] That is, in case the insulating material film which constitutes said current-limiting layer 27 is 
formed, this insulating material film condenses like the shape for example, of an island, and needs to be 
made to be formed. One element important for performing such control although the above-mentioned 
opening needs to be intermingled in homogeneity at random in detailed size is already the quality of the 
material and the spatter conditions of drawing 1 of by the way having explained, and is the surface 
energy (gammas) of the substrate in which another is formed in the bottom of said current- limiting layer 
27. 

[0209] When the surface energy of said substrate is high, the growth mode of a thin film is [ monolayer- 
growth(FM-mode )-/, become ] easy to make it easy to become perfect **** mode, the Magnetics 
Society of Japan - "thin film growth process introduction" Vol.14 and No. - if the relational expression 
of "gammas>gammafs+gammaf * (gammafs is the surface energy of a substrate and a thin film, and 
gammaf is the surface energy of a thin film here) is realized in the 528th page of 3 and 1990, it becomes 
perfect **** mode and carrying out monolayer growth is indicated. 

[0210] For this reason, in order to be dotted with the thin film which makes monolayer growth hard to 
carry out, namely, is formed on a substrate like the shape of an island and to form it, it is required to 
reduce said substrate energy (gammas). 

[021 1] In this invention, it decided to cover the bottom of said current-limiting layer 27 with the 
substrate layer 70 which surface energy becomes from a low noble-metals element in view of this point. 
The surface energy of said substrate layer 70 needs to be lower than the surface energy of the magnetic 
sensing element surface formed in the bottom of it. 

[0212] If said current-limiting layer 27 is formed on said substrate layer 70, on said substrate layer 70, 
the insulating material film (or layer which should serve as an insulating material film) which constitutes 
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said current-limiting layer 27 is condensed like the shape of an island, and grows. This growth mode is 
called Volmer-Weber(VW) mold growth. 

[0213] Moreover, in case a metal membrane is made to condense in the shape of an island, this metal 
membrane is oxidized and the insulating material film of an oxide is formed for example,' on said 
substrate layer 70 by covering with the substrate layer 70 which consists of a hoble-metals element, the 
effect of oxidation is stopped in the portion of said substrate layer 70, and the effect of said oxidation 
does not attain to the layer below it. 

[0214] For this reason, it is possible for the insulating material film which constitutes said current- 
limiting layer 27 to be kept suitable with an island-like configuration, and to keep the contrast of 
opening and non-opening high. 

[0215] Moreover, although the protective layer 71 which consists of a noble-metals element is formed 
on said current- limiting layer 27, by forming said protective layer 71, after forming said current-limiting 
layer 27, even if it performs said heat treatment, in the phase to heat-treat, diffusion of oxygen does not 
take place to the layer on said current- limiting layer 27, but the contrast of opening of said current- 
limiting layer 27 and non-opening can be kept high. 

[0216] Thus, according to the operation gestalt shown in drawing 8 , it becomes possible to manufacture 
the magnetic sensing element which could keep high the contrast of opening of said current-limiting 
layer 27, and non-opening, could therefore raise deltaR* A, and was excellent in reproducing 
characteristics with a high playback output sandwiching the upper and lower sides of said current- 
limiting layer 27 in the layer which consists of a noble-metals element. 

[0217] In addition, the substrate layer 70 or protective layer 71 of said current-limiting layer 27 formed 
up and down may be formed only in either. 

[0218] Moreover, with the operation gestalt shown in drawing 8 , it is also possible to operate the 
protective layer 71 which consists of a noble-metals element formed on said current-limiting layer 27 as 
2nd electrode layer 33, and when starting, it is not necessary to form the 2nd electrode layer 33 shown in 
drawing 8 . 

[0219] In addition, as for said substrate layer 70 and/or protective layer 71, in this invention, it is 
desirable to be formed among Ru, Pt, Au, Rh, Ir, Pd, Os, and Re with any one sort or two sorts or more 
of noble-metals materials. Or the substrate layer 70 and/or the protective layer 71 may be formed by Cu. 
[0220] Moreover, existence of said substrate layer 70 and a protective layer 71 can be seen with a 
transmission electron microscope (TEM). 

[0221] Next, it explains below, referring to the manufacturing process shown in drawing 1 1 thru/or 
drawing 22 about the manufacture method of the magnetic sensing element shown in drawing 1 .In 
addition, drawing 1 1 and drawing 22 are the fragmentary sectional views which looked at the magnetic 
sensing element under manufacture from the opposed face with a record medium, and drawing 12 
thru/or drawing 21 are the partial mimetic diagrams showing the condition on said upper surface of a 
free magnetic layer at the time of forming a current-limiting layer on a free magnetic layer etc. 
[0222] The magnetic layers 51 and 53 formed by the antiferromagnetism layer 23 formed by the seed 
layer 22 formed at the production process shown in drawing 1 1 by the substrate layer 21 formed by Ta 
etc. on the 1st electrode layer 20, NiFeCr, etc., PtMn, etc., Co, etc., The free magnetic layer 26 formed 
by the magnetic layers 55, such as the nonmagnetic interlayer 25 and the Co film 54 which were formed 
by said magnetic layer 5 1 , the fixed magnetic layer 24 of the three-layer ferry structure where the 
interlayers 52, such as Ru, were formed among 53, Cu, etc., and NiFe, and the current-limiting layer 27 
in which the insulating section and a current carrying part were intermingled A laminating is carried out 
one by one. 

[0223] The manufacture method of said current-limiting layer 27 is explained here, referring to drawin g 
12 thru/or drawing 14 . 

[0224] In order to form said current-limiting layer 27, spatter membrane formation of the nitrides, such 
as oxide films, such as aluminum 203 and Si02, and A1N, is first carried out on said free magnetic layer 
26. It is desirable to use the insulating material which consists of any one sort or two sorts or more of 
oxides as said oxide film among aluminum, Si, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo, W, Fe, nickel, and Co by 
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this invention. 

[0225] Moreover, it is desirable to use as a nitride the insulating material which consists of any one sort 
or two sorts or more of nitrides among aluminum, Si, Ti, Zr, Hf, Cr, Ta, V, Nb; Mo, W, Fe, nickel, and 
Co. 

[0226] These oxide films and a nitride are the insulating materials which it can be made easy to be hard 
to become a continuation body membrane on said free magnetic layer 26 depending on membrane 
formation conditions, namely, to become a discontinuum film. As it indicates drawing 12 that it is easy 
to become a discontinuum film, it is easy to condense the particle of an insulating material by said free 
magnetic layer 26, and means that it is easy to form a nucleus. 

[0227] Moreover, in order to raise coherent more, it is important to adjust appropriately the spatter 
conditions at the time of spatter membrane formation of said insulating material. 
[0228] Substrate temperature is first made into about 20-200 degrees C at low temperature. Moreover, 
the distance between targets is separated from a substrate to about 200-300mm. Moreover, gas pressure 
of Ar gas is made high to 10 - SOmTorr (1.3-6.7Pa) degree. 

[0229] The atom of said insulating material is said free magnetic layer 26 as they are the above- 
mentioned spatter conditions, and surface migration becomes inadequate, and it condenses and becomes 
easy to form a nucleus. 

[0230] The condition that said nucleus grew is shown in drawing 13 , and two or more holes which lead 
even to an inferior surface of tongue from the upper surface of said insulating material film are formed 
in the insulating material film formed on said free magnetic layer 26 in this way. In addition, the slot 
which extends succeeding the time of seeing from a plane parallel to a film surface as shown in said 
insulating material film at drawing 10 may be formed. 

[023 1] Next, at the production process shown in drawing 14 , it applies in the aforementioned hole from 
on said insulating material film, and spatter membrane formation of the conductive material is carried 
out. thereby - the hole from said insulating material film - an electrical conducting material layer is 
formed inside and it will be buried by said hole by said electrical conducting material layer. 
[0232] In addition, although alpha-Ta, Au, Cr and Cu (copper), W (tungsten), etc. can be used for said 
conductive material, it is more desirable to use any one sort or two sorts or more of noble-metals 
materials among Ru, Pt, Au, Rh, Ir, Pd, Os, and Re. Or Cu may be used. In itself, if a noble-metals 
material is used, since said noble-metals material is the quality of the material which cannot oxidize 
easily, by heat treatment etc., it can be made to function also as a protective layer it is made for diffusion 
of oxygen not to produce, and it can keep high the contrast of opening (hole) of said current-limiting 
layer, and non-opening (insulator layer). 

[0233] In addition, on the spatter conditions of said conductive material, substrate temperature is made 
into about 20-100 degrees C, for example. Moreover, distance between a substrate and a target is set to 
about 40-100mm. Moreover, gas pressure of Ar gas is made into 0.5 - lOmTorr (0.07-1. 3Pa) degree. 
[0234] It is possible to form the current-limiting layer 27 by the above-mentioned manufacture method. 
[0235] In this invention, first Or Ag, Cu, Zn, germanium, Pb, aluminum, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo, 
W, Fe, Co, Si, nickel, and the film that consists of any one sort or two sorts or more of metallic elements 
among rare earth elements are formed by the spatter. At this time The slot which extends in said metal 
membrane succeeding the time of seeing from a plane parallel to two or more holes or the film surface 
which leads even to the upper surface from an inferior surface of tongue stops a spatter in the condition 
of being left behind appropriately. Next, this metal membrane is oxidized. Natural oxidation, plasma 
oxidation, radical oxidation, and anodic oxidation can be used for oxidation. 

[0236] According to this oxidation production process, said metal membrane oxidizes and turns into an 
insulating material film. And at the drawing 14 production process, it applies in the aforementioned hole 
from on said insulating material film, and spatter membrane formation of the conductive material is 
carried out. thereby - the hole from said insulating material film - an electrical conducting material 
layer is formed inside and it will be buried by said hole by said electrical conducting material layer. 
[0237] However, it is easy to be influenced according to the above-mentioned oxidation production 
process of oxidation to the layer under said current-limiting layer. And it produces the problem of 
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aggravation of the same contrast as it changed into the condition that the oxide film was formed in the 
whole direction of a film surface and drawing 26 explained and is not desirable if said free magnetic 
layer oxidizes according to the above-mentioned oxidation production process, for example. 
[0238] Moreover, when the condensed nucleation which is shown in drawing 12 has the high surface 
energy of the layer ( drawing 12 free magnetic layer) currently formed in the bottom of it, it monolayer- 
growth(FM-mode )-becomes easy to make it easy to become perfect **** mode. For this reason, it is 
desirable to cover with the substrate layer of the quality of the material in which surface energy cannot 
oxidize easily low, before forming said current-limiting layer 27. 

[0239] The production process shown in drawing 15 thru/or drawing 17 showed the manufacture 
method. Spatter formation of the substrate layer which consists of a noble-metals element on a free 
magnetic layer first as shown in drawing 15 is carried out. 

[0240] It is desirable to form said substrate layer among Ru, Pt, Au, Rh, Ir, Pd, Os, and Re with any one 
sort or two sorts or more of noble-metals materials at this time. Or a substrate layer may be formed by 
Cu. The substrate layer formed by said noble-metals element is the quality of the material in which 
surface energy is lower than the energy of the free magnetic layer surface, and cannot oxidize easily. 
[0241] Next, as shown in drawing 1 5 , any one sort or two sorts or more of metallic elements are formed 
by the spatter among Ag, Cu, Zn, germanium, Pb, aluminum, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo, W, Fe, Co, 
Si, nickel, and rare earth elements. It condenses in the shape of an island, and said metallic element is 
formed, as it condenses on the substrate layer surface which consists of a noble-metals element, it is 
easy to form a nucleus and it is shown in drawing 16 , and two or more holes which lead even to the 
upper surface from an inferior surface of tongue are prepared in said metal membrane. 
[0242] Next, said metal membrane is oxidized like drawing 16 - The existing methods, such as natural 
oxidation, plasma oxidation, radical oxidation, and anodic oxidation, can be used for oxidation. Thereby, 
said metal membrane is changed to the insulating material film of an oxide. At this time, since the 
substrate layer which consists of a noble-metals element which cannot oxidize easily is formed in the 
bottom of said metal membrane, oxidation is stopped in the location of said substrate layer, and 
oxidation does not attain to the layer below said substrate layer. 

[0243] And spatter membrane formation of the electric conduction film which is missing from a hole 
from on said insulating material film, and consists of a metallic element at the production process shown 
in drawing 17 is carried out. At this time, it is desirable to use said metallic element as the same noble- 
metals element as said substrate layer. That is, it is desirable to form the conductive layer shown in 
drawing 17 among Ru, Pt, Au, Rh, Ir, Pd, Os, and Re with any one sort or two sorts or more of noble- 
metals materials. Or a conductive layer may be formed by Cu. 

[0244] It is because oxygen will move to the 2nd electrode layer etc. from an insulating material film, 
distribution of oxygen will fade and the contrast of opening and non-opening will get worse by heat 
treatment performed after that, if a conductive layer is formed by elements other than said noble-metals 

element. ' 
[0245] Or in this invention, the target formed by the insulating matenal and the target formed with the 
conductive material are prepared, and the spatter of these two targets is carried out. Thereby on said free 
magnetic layer 26, the current-limiting layer 27 in which the particle of an insulating material and the 
particle of a conductive material were intermingled can be formed. Although the above-mentioned 
quality of the material may be used for said insulating material and a conductive material, in this 
invention, the current-limiting layer 27 of the film configuration with which the conductive particle was 
distributed by the insulating material film can be formed with the following materials. 
[0246] concrete - this invention - the upper surface of said free magnetic layer 26 ~ FeaMbOc 
(however, the element M - Ti --) It has an empirical formula and the presentation ratios a, b, and c are 
atomic %'s. one sort chosen from Zr, Hf, Nb, Ta, Mo, W; and rare earth elements, or two sorts or more - 
an element - Filling [ and ] with 40<=a<=50, 10<=b<=30, and 20<=c<=40 the relation it is unrelated 
a+b+c=l 00, membrane structure carries out spatter membrane formation of the current-limiting layer 27 
which has the film configuration distributed the inside of amorphous where the microcrystal grain which 
used Fe as the principal component contains a compound with Elements M and O, 
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[0247] Or to the upper surface of said free magnetic layer 26, it is FedMeNf (however, Element M). It 
has the empirical formula which consists of one sort or two sorts or more of elements chosen from Ti, 
Zr, Hf, Nb, Ta, Mo, W, and rare earth elements, and the presentation ratios d, e, and f are atomic %s. 
The relation it is unrelated d+e+f=100 may be filled with 60<=d<=70, 10<=e<=15, and 19<=f<=25, and 
membrane structure may carry out spatter membrane formation of the current-limiting layer 27 which 
has the film configuration distributed the inside of amorphous where the microcrystal grain which used 
Fe as the principal component contains a compound with Elements M and N. 

[0248] In order to form these FeMO(s) and a FeMN alloy, the target of Fe and the target which consists 
of MO or MN are prepared, and the current-limiting layer 27 which has the above-mentioned 
presentation ratio and membrane structure can be formed by carrying out the spatter of these two targets. 

[0249] Or by this invention, after carrying out spatter membrane formation of any one sort or two sorts 
or more of metallic materials for the current-limiting layer 27 with Co among Ru, Pt, Au, Rh, Ir, Pd, Os, 
Re, Cu, and Ag, by performing heat treatment, it may oxidize and Co may be formed. 
[0250] However, since there is a production process which it heat-treats [ production process ] and 
promotes oxidation even at the time at the time of formation of the current-limiting layer 27 which 
consists of mixing with above-mentioned Co and the above-mentioned noble-metals element, and 
formation of FeMO or a FeMN alloy, oxidation may attain to even the layer under the current-limiting 
layer 27 by this heat treatment. 

[0251] Therefore, it is desirable to form first the substrate layer which consists of a noble-metals 
element on the free magnetic layer 27 like after the production process which is shown in drawing 18 
also in the case of formation of the current-limiting layer 27 which consists of the current-limiting layer 
27 and FeMO which consist of mixing with Co and a noble-metals element, or a FeMN alloy, and the 
current- limiting layer 27 which consists of these so-called granular membranes. It is desirable to form 
said substrate layer among Ru, Pt, Au, Rh, Ir, Pd, Os, and Re with any one sort or two sorts or more of 
noble-metals materials. Or said substrate layer may be formed by Cu. However, it is more desirable to 
use noble metals. 

[0252] At the production process shown in drawing 18 , spatter membrane formation of the current- 
limiting layer 27 which consists of FeMO or a FeMN alloy on the substrate layer which consists of said 
noble-metals element is carried out. It is desirable to form the protective layer which consists of a noble- 
metals element as well as a substrate layer on said current-limiting layer 27 furthermore. After forming a 
substrate layer, a current-limiting layer, and a protective layer, if heat treatment is performed, contrast 
with the portion which is not used as the portion into which the phase separation of GURANYURA of 
said current-limiting layer has progressed and oxidized will increase. At this time, since the upper and 
lower sides of said current-limiting layer are inserted into the layer which consists of a noble-metals 
element, oxidation does not attain to even the layer of the upper and lower sides of said current-limiting 
layer. 

[0253] At the production process shown in drawing 19 , spatter membrane formation of the substrate 
layer which consists of a noble-metals element on a free magnetic layer is carried out, and spatter 
membrane formation of the material which mixed any one sort or two sorts or more of metallic materials 
with Co on it among Ru, Pt, Au, Rh, Ir, Pd, Os, Re, Cu, and Ag is carried out. Then, annealing is carried 
out and phase separation is promoted. At the production process shown in drawing 20 , natural 
oxidation, plasma oxidation, radical oxidation, etc. are given, and it consists of **** material, it mainly 
concerns, and the portion of Co is oxidized, on the other hand, the noble-metals particle formed by Au 
etc. oxidizes — not having — a conductive particle — and it is left behind as it is. 

[0254] Since the substrate layer which consists of a noble-metals element is prepared in the bottom of 
said current-limiting layer also in the time of this heat treatment and oxidation, oxidation does not attain 
to the layer under said current-limiting layer. 

[0255] At the production process shown in drawing 21 , spatter membrane formation of the protective 
layer which consists of a noble-metals element on said current-limiting layer is carried out. Thus, with 
capping by the protective layer which said current-limiting layer top also becomes from a noble-metals 
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element, even if heat treatment etc. is performed after that, oxygen is not spread even in the layer formed 
on said current-limiting layer, but the contrast of the portion into which said current-limiting layer 
oxidized, and the portion which has not oxidized can be kept good. 

[0256] In addition, it being able to say to the both sides at the time of the production procfess shown in 
drawing 18 and drawing 19 is making thickness of said current-limiting layer smaller than the particle 
size of the conductive particle contained in it. Otherwise, it is because the current path where it applies 
to an inferior surface of tongue from the upper surface of said current-limiting layer, and sense current 
flows cannot be formed appropriately, the current path of sense current cannot be narrowed down good 
and improvement in a playback output cannot be aimed at. 

[0257] Moreover, if the protective layer which consists of a noble-metals element is prepared on said 
current-limiting layer like the production process shown in drawing 18 or drawing 21 , this protective 
layer itself can also be operated as 2nd electrode layer, in a subsequent production process, formation of 
said 2nd electrode layer becomes unnecessary, and simplification of a manufacturing process can be 
attained. 

[0258] In addition, although the insulating material film which gives an oxidation production process 
and consists of an oxide was formed at the production process shown in drawing 1 5 thru/or drawing 21 , 
you may nitride. 

[0259] Next, at the production process shown in drawing 11 , the resist layer 44 is formed on said 
current-limiting layer 27. In addition, said resist layer 44 may be a resist layer for lift off. 
[0260] The area of inferior-surface-of-tongue 44a of said resist layer 44 is comparable as an optical 
element area of a magnetic sensing element, or is small formed a little rather than it. In this invention, 
the width of recording track Tw decided by the width-of-face size to the truck cross direction (the 
direction of illustration X) of the upper surface of the free magnetic layer 26 can be made to 0. 1 5-0.3 
micrometers, and the length MRh to the height direction (the direction of illustration Y) is made to 0.15- 
0.3 micrometers, therefore 0.02-0.09 micrometers of optical element area can be greatly formed in 2. 
[0261] The above-mentioned optical element area is comparable as the former, and manufacture of a 
magnetic sensing element is attained using the photolithography technology of having a precision 
equivalent to the former, in this invention. 

[0262] Next, as shown in drawing 1 1 , the multilayers 28 from the substrate layer 21 which is not 
covered with said resist layer 44 to the current-limiting layer 27 are removed by the ion milling from 
arrow head F etc. (dotted line portion shown in drawing 1 1 ). Thereby, the multilayers 28 which consist 
of the substrate layer 21 to current-limiting layers 27 serve as abbreviation trapezoidal shape, and are 
left behind in the center of the upper surface of said 1st electrode layer 20. In addition, after said ion 
milling, since some material removed by milling carries out the reattachment to the both-sides end face 
of said multilayers 28, it is desirable to remove said reattachment object by side milling. 
[0263] Next, at the production process shown in drawing 22 , it applies on both-sides end- face 28a of 
said multilayers 28 from on said 1st electrode layer 20, and spatter membrane formation of the 
insulating layer 32 formed with the hard bias layer 31, aluminum 203, etc. which were formed by the 
bias substrate layer 30 formed by the insulating layer 29 formed with aluminum 203 etc., Cr, etc., 
CoPtCr, etc. is carried out. 

[0264] In addition, as shown in drawing 22 , as for whenever [ sputtered-particles illuminating-angle / in 
the case of spatter membrane formation of each class from said insulating layer 29 to said insulating 
layer 32 ], it is desirable to consider as a perpendicular direction G mostly to a substrate. 
[0265] Moreover, as shown in drawing 22 , laminating formation of insulating-layer 29b, bias furring 
layer 30a, bias material layer 31a, and the insulating material film 32a is carried out also on said resist 
layer 44. 

[0266] Although said resist layer 44 is removed after carrying out the laminating of each class from an 
insulating layer 29 to an insulating layer 32 to the both-sides field of said multilayers 28 When covered 
by insulating-layer 29b which the whole surface of said resist layer 44 described above Scrub washing 
since said resist layer 44 is appropriately unremovable, After making said resist layer 44 surface the 
particle of dry ice etc. specifically collide with each class, such as wrap insulating-layer 29b, removing a 
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part and exposing a part of surface of said resist layer 44, said resist layer 44 is dipped in a solvent. How 
to melt and remove said resist layer 44 etc. can be considered. 

[0267] In addition, since unnecessary weld flash, such as said insulating-layer 29b, may remain in the 
upper surface of the current-limiting layer 27 from said insulating layer 32 after removing said resist 
layer 44, it is desirable to carry out scrub washing of said current-limiting layer 27 top from on said 
insulating layer 32, for example, to remove said weld flash, and to process a beautiful field! In addition, 
in said scrub washing, how to make the particle of dry ice collide with said weld flash etc. can be 
considered. 

[0268] Then, it applies on said current-limiting layer 27 from on said insulating layer 32, and spatter 
membrane formation of the 2nd electrode layer 33 is carried out (refer to drawing 1 ). 
[0269] The manufacture method of other magnetic sensing elements is explained briefly. By the 
magnetic sensing element shown in drawing 2 , after carrying out spatter membrane formation of the 
current-limiting, layer 27, the free magnetic layer 26, the nonmagnetic interlayer 25, the fixed magnetic 
layer 24, and the antiferromagnetism layer 23 on the 1st electrode layer 20, like the production process 
shown at drawing 1 1 , the resist layer 44 is formed in said antiferromagnetism layer 23, and the 
multilayers 34 which are not further covered with said resist layer 44 are deleted by ion milling. Next, it 
applies to both-sides end-face 34a of said multilayers 34 from on said 1st electrode layer 20, spatter 
membrane formation of an insulating layer 35, the bias substrate layer ( 30, the hard bias layer 31, and the 
insulating layer 36 is carried out, and said resist layer 44 is removed. And it apjplies on said 
antiferromagnetism layer 23 from on said insulating layer 36, and the 2nd electrode layer 33 is formed. 
[0270] By the magnetic sensing element shown in drawing 3 , after forming the substrate layer 21, the 
seed layer 22, the antiferromagnetism layer 23, the fixed magnetic layer 24, the nonmagnetic interlayer 
25, the free magnetic layer 26, and the current-limiting layer 27 on the 1st electrode layer 20, the same 
resist layer 44 as drawing 1 1 is formed on said current-limiting layer 27, and said multilayers 28 which 
are not covered with said resist layer 44 are removed by ion milling. Next, the reattachment object 
which adhered to both-sides end-face 28a of said multilayers 28 in said ion milling is shaved off by side 
milling. 

[0271] Next, it applies to both-sides end- face 28a of said multilayers 28 from on said 1st electrode layer 
20, and spatter membrane formation of the speculer film 37 is carried out. In addition, spatter membrane 
formation of said speculer film 37 is performed from across to a substrate. As for whenever [ sputtered- 
particles illuminating-angle / at the time of said spatter ], leaning is desirable about 20-70 degrees from 
the perpendicular direction to the substrate surface. 

[0272] Next, on said speculer film 37, after carrying out spatter membrane formation of an insulating 
layer 29, the bias substrate layer 30, the hard bias layer 31, and the insulating layer 32, said resist layer 
44 is removed, it applies on said current-limiting layer 27 from on said insulating layer 32 further, and 
the 2nd electrode layer 33 is formed. 

[0273] The manufacture method of the magnetic sensing element shown in drawing 4 removes said 
multilayers 41 which are not probably covered with said resist layer 44 on the 1st electrode layer 20 
using the resist layer 44 shown in drawing 8 after carrying out continuation spatter membrane formation 
of the substrate layer 21, the seed layer 22, the antiferromagnetism layer 23, the fixed magnetic layer 24, 
the nonmagnetic middle class 25, the free magnetic layer 26, the middle class 38, the hard bias layer 39, 
and the current-limiting layer 27 by ion milling. Next, the reattachment object which adhered to both- 
sides end-face 41a of said multilayers 41 in said ion milling is shaved off by side milling. 
[0274] Next, it applies to both-sides end-face 41a of said multilayers 41 from on said 1st electrode layer 
20, and spatter membrane formation of the speculer film 37 is carried out. In addition, spatter membrane 
formation of said speculer film 37 is performed from across to a substrate. As for the ion irradiation 
angle at the time of said spatter, leaning is desirable about 20-70 degrees from the perpendicular 
direction to the substrate surface. 

[0275] Next, on said speculer film 37, after carrying out spatter membrane formation of the insulating 
layer 40, said resist layer 44 is removed, it applies on said current- limiting layer 27 from on said 
insulating layer 40 further, and the 2nd electrode layer 33 is formed. 
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[0276] The manufacture method of the magnetic sensing element shown in drawing 5 removes said 
multilayers 41 which are not probably covered with said resist layer 44 on the 1st electrode layer 20 
using the resist layer 44 shown in drawing 1 1 after carrying out continuation spatter membrane 
formation of the substrate layer 21, the seed layer 22, the antiferromagnetism layer 23, the fixed 
magnetic layer 24, the nonmagnetic middle class 25, the free magnetic layer 26, the current-limiting 
layer 27, and the hard bias layer 39 by ion milling. ' 
[0277] Next, it applies to both-sides end-face 41a of said multilayers 41 from on said 1st electrode layer 
20, and spatter membrane formation of the speculer film 37 is carried out. And on said speculer film 37, 
after carrying out spatter membrane formation of the insulating layer 40, said resist layer 44 is removed, 
it applies on the hard bias layer 39 from on said insulating layer 40 further, and the 2nd electrode layer 
33 is formed. 

[0278] The manufacture method of the magnetic sensing element shown in drawing 6 removes said 
multilayers 42 which are not probably covered with said resist layer 44 on the. 1st electrode layer 20 
using the resist layer 44 shown in drawing 1 1 after carrying out continuation spatter membrane 
formation of the substrate layer 21, the seed layer 22, the antiferromagnetism layer 23, the fixed 
magnetic layer 24, the free magnetic layer 26 of the 25 or 3 layer ferry structure of nonmagnetic 
interlay ers, and the current- limiting layer 27 by ion milling. 

[0279] Next, after applying on both-sides end- face 42a of said multilayers 42 from on said 1st electrode 
layer 20 and carrying out continuation spatter membrane formation of an insulating layer 29, the bias 
substrate layer 30, the hard bias layer 31, and the insulating layer 32, said resist layer 44 is removed, it 
applies on said current-limiting layer 27 from on said insulating layer 32 further, and the 2nd electrode 
layer 33 is formed. 

[0280] First the manufacture method of the magnetic sensing element shown in drawing 7 on the 1st 
electrode layer 20 After carrying out continuation spatter membrane formation of the substrate layer 21, 
the seed layer 22, the antiferromagnetism layer 23, the fixed magnetic layer 24, the nonmagnetic 
interlayer 25, the free magnetic layer 26, the nonmagnetic interlayer 59, the fixed magnetic layer 63, the 
antiferromagnetism layer 64, and the current-limiting layer 27, Said multilayers 43 which are not 
covered with said resist layer 44 are removed by ion milling using the resist layer 44 shown in drawing 

11. . 

[0281] Next, after applying on the both-sides end face of said multilayers 43 from on said 1st electrode 
layer 20 and carrying out continuation spatter membrane formation of an insulating layer 29, the bias 
substrate layer 30, the hard bias layer 31, and the insulating layer 32, said resist layer 44 is removed, it 
applies on said current-limiting layer 27 from on said insulating layer 32 further, and the 2nd electrode 
layer 33 is formed. 

[0282] First the manufacture method of the magnetic sensing element shown in drawing 8 on the 1st 
electrode layer 20 After carrying out continuation spatter membrane formation of the substrate layer 21, 
the seed layer 22, the antiferromagnetism layer 23, the fixed magnetic layer 24, the nonmagnetic 
interlayer 25, the free magnetic layer 26, the substrate layer 70 that consists of a noble-metals element, 
the current-limiting layer 27, and the protective layer 71 which consists of a noble-metals element, Said 
multilayers 4 1 which are not covered with said resist layer 44 are removed by ion milling using the 
layer 44 shown in drawing 1 1 . About the formation method of the substrate layer 70, the current- 
limiting layer 27, and the protective layer 71 that consists of a noble-metals element, since drawing 1 5 
thru/or drawing 2 1 explained in detail, please refer to there. 

[0283] Next, after applying on the both-sides end face of said multilayers 43 from on said 1st electrode 
layer 20 and carrying out continuation spatter membrane formation of an insulating layer 29, the bias 
substrate layer 30, the hard bias layer 31, and the insulating layer 32, said resist layer 44 is removed, it 
applies on said protective layer 71 from on said insulating layer 32 further, and the 2nd electrode layer 
33 is formed. 

[0284] By the manufacture method of the magnetic sensing element in this invention explained above, 
the current-limiting layer 27 can be formed easily, narrow-ization of effectual element size can be 
attained effectively, and the magnetic sensing element which can aim at improvement in a playback 
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output can be manufactured. Since a nucleus is condensed more and can be especially formed in the 
bottom of said current- limiting layer 27 by preparing the substrate layer which consists of a noble- 
metals element, while the contrast of opening of an insulating material film and non-opening can be 
raised, even if it gives the oxidation production process by heat treatment etc., oxidation is stopped in 
said substrate layer, and it can prevent that the effect of oxidation attains to even the layer under it. 
Moreover, when the protective layer which consists of a noble-metals element is prepared also' on said 
current-limiting layer 27, it can prevent that the effect of oxidation attains to even the layer on said 
current-limiting layer, and is desirable. 

[0285] Moreover, since the width of recording track Tw of said magnetic sensing element and the length 
MRh to the height direction can be made to be the same as usual by the manufacture method of this 
invention, it is possible to form easily the magnetic sensing element to which effectual element size 
becomes small using the photolithography technology of having a precision comparable as the former. 
[0286] In addition, the magnetic sensing element in this invention is not usable only to the thin film 
magnetic head carried in a hard disk drive unit, and is usable to the magnetic head for tapes, a 
magnetometric sensor, etc. 
[0287] 

[Effect of the Invention] According to this invention explained in full detail above, the current-limiting 
layer to which the insulating section and a current carrying part were directly intermingled through other 
layers in the attainment side side of the sense current of a free magnetic layer at least is prepared. 
[0288] Therefore, by this invention, although said sense current flows the inside of said current-limiting 
layer perpendicularly, since said current-limiting layer directly prepared in the attainment side side of 
said sense current of a free magnetic layer through other layers is considered as the configuration in 
which the insulating section and a current carrying part are intermingled, said sense current will flow 
only in said current carrying part. 

[0289] For this reason, the sense current which flows in a free magnetic layer through said current- 
limiting layer from an electrode layer flows the inside of said free magnetic layer locally only into said 
current carrying part and the portion which counters (the current density of this portion will become high 
locally). 

[0290] Therefore, according to this invention, even if it forms greatly the element area (this element area 
is called optical element area) of the free magnetic layer in a direction parallel to a film surface to the 
same extent with the former, sense current actually flows in said free magnetic layer. Element area (this 
element area is called effectual element area) which participates in a magneto-resistive effect can be 
made small. Therefore, even if optical element size forms said magnetic large sensing element using the 
photolithography technology of having a precision comparable as the former, the magnetic sensing 
element of a CPP mold with a high playback output can be formed easily. 

[0291] Moreover, since element size can be greatly formed to the same extent with the former, if is 
possible to detect the external magnetic field from a record medium by said magnetic sensing element 
effectively, and it is possible to aim at improvement in a playback output and improvement in the 
stability of a playback wave. 

[0292] Moreover, in this invention, since a nucleus is condensed more and can be formed in the bottom 
of said current-limiting layer by preparing the substrate layer which consists of a noble-metals element, 
while the contrast of opening of an insulating material film and non-opening can be raised, even if it 
gives production processes, such as heat treatment, oxidation is stopped in said substrate layer, and it 
can prevent that the effect of oxidation attains to even the layer under it. Moreover, when the protective 
layer which consists of a noble-metals element is prepared also on said current-limiting layer, it can 
prevent that the effect of oxidation attains to even the layer on said current-limiting layer, and is 
desirable. 

[0293] Thus, since the contrast of opening of a current-limiting layer and non-opening can be raised, it 
becomes possible to be able to narrow down the current path of sense current and to manufacture a 
magnetic sensing element with a big playback output effectively by said current-limiting layer, 
appropriately. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused t>y the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The fragmentary sectional view which looked at the magnetic sensing element of the 1st 

operation gestalt in this invention from the opposed face side with a record medium, 

[Drawing 2] The fragmentary sectional view which looked at the magnetic sensing element of the 2nd 

operation gestalt in this invention from the opposed face side with a recprd medium, 

[Drawing 3] The fragmentary sectional view which looked at the magnetic sensing element of the 3rd 

operation gestalt in this invention from the opposed face side with a record medium, 

[Drawing 4] The fragmentary sectional view which looked at the magnetic sensing element of the 4th 

operation gestalt in this invention from the opposed face side with a record medium, 

[Drawing 5] The fragmentary sectional view which looked at the magnetic sensing element of the 5th 

operation gestalt in this invention from the opposed face side with a record medium, 

[Drawing 61 The fragmentary sectional view which looked at the magnetic sensing element of the 6th 

operation gestalt in this invention from the opposed face side with a record medium, 

[Drawing 7] The fragmentary sectional view which looked at the magnetic sensing element of the 7th 

operation gestalt in this invention from the opposed face side with a record medium, 

[Drawing 81 The fragmentary sectional view which looked at the, magnetic sensing element of the 8th 

operation gestalt in this invention from the opposed face side with a record medium, 

[Drawing 9] The partial mimetic diagram showing the film configuration of the multilayers in this 

invention, and a current-limiting layer, 

[Drawing 10] The partial mimetic diagram showing the film configuration of another multilayers in this 
invention, and a current-limiting layer, 

[Drawing 1 1] 1 process drawing showing the manufacture method of the thin film magnetic head shown 
in drawing 1 , 

[Drawing 12] The mimetic diagram showing the condition on said upper surface of a free magnetic layer 

at the time of forming an electrode limit layer in a free magnetic layer, 

[Drawing 13] The partial mimetic diagram showing the next condition of drawin g 12 , 

[Drawing 14] The partial mimetic diagram showing the next condition of drawing 13 , 

[Drawing 15] The mimetic diagram showing the condition on said upper surface of a free magnetic layer 

at the time of forming a substrate layer in a free magnetic layer, and forming an electrode limit layer on 

said substrate layer, 

[Drawing 16] The partial mimetic diagram showing the next condition of drawing 15 , 

[Drawing 17] The partial mimetic diagram showing the next condition of drawing 16 , 

[Drawing 18] The mimetic diagram showing the condition on said upper surface of a free magnetic layer 

at the time of forming a substrate layer in a free magnetic layer, forming a current-limiting layer 

(granular membrane) on said substrate layer, and forming a protective layer on said current-limiting 

layer further, 

[Drawing 19] The mimetic diagram showing the condition on said upper surface of a free magnetic layer 
at the time of forming a substrate layer in a free magnetic layer, forming a current-limiting layer 
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(granular membrane) on said substrate layer, and forming a protective layer on said current-limiting 
layer further, 

[Drawing 201 The partial mimetic diagram showing the next condition of drawing 19 , 
[Drawing 2Q The partial mimetic diagram showing the next condition of drawing 20 , * 
[Drawine 221 1 process drawing carried out to the degree of the drawing 1 1 production process, 
[Drawing 231 The fragmentary sectional view which looked at the magnetic sensing element in the 
former from the opposed face side with a record medium, 

[Drawin g 241 The partial mimetic diagram of a CIP mold MAG sensing element, 

[Drawing 251 The partial mimetic diagram of a CPP mold MAG sensing element, 

[Drawin g 261 The partial mimetic diagram in which the contrast of opening of a current-limiting layer 

and non-opening shows a bad example, 

[Drawing 271 The partial mimetic diagram in which the contrast of opening of a current-limiting layer 
and non-opening shows a good example, ' 
[Description of Notations] 

20 1st Electrode Layer 

21 Substrate Layer 

22 Seed Layer 

23 Antiferromagnetism Layer 

24 63 Fixed magnetic layer 

25 Nonmagnetic Interlayer 

26 Free Magnetic Layer 

27 Current-Limiting Layer 

28, 34, 41, 42, 43 Multilayers 

29, 32, 40 Insulating layer 
31 39 Hard bias layer 

33 2nd Electrode Layer 

37 Speculer Film 

38 Interlayer 
44 Resist Layer 

56 Hole 

57 Insulating Material Film 

58 Conductive Material Film 
68 Slot 

70 Substrate Layer 

71 Protective Layer 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 3] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 17] 
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[Drawing 24] 
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h, I r. Pd. Os. ReO^^^fnAMiSftli 

Cil#«3 3] ttfB (d) Iit*^T, MeWMWJ 

iBJB**j«-r state, wb.7 u -asi4Ji<o±Btc c«ft> 
e.*sT«fis*?gj«-rsffl*^2 7 fcv>b 3 ooi/ •'•rn 

PlM<D±BtC. Pt, Au. Rh. I r. Pd, Os, 

ReoH ^fn* 1 1 as fc« 2 a&±<os&J5*mfr 
Pfi/i<D±atc, cu^p»*s«^s^fig-rsiR*^i 



-.X 



Ho 

m&m 3 e ] ®&ummttm 2 vmmm 1 1 sra# 

J13 4 3 5 Jcffi«©«ft^ttim?Ol5Bi^fe 
[§i#>S3 7] T*»6s «l©«S»x «9I[WBJB. 

GBHoSMBfcBWi] 

[000 1 ] 

tSfflBOJU-TSfiW^Sf] *58»t4, C P P (current 
perpendicular to the plane) WlCDJM.fffikliii^FlZ- 

[0 0 0 2] 

[0 0 0 3] 02 3lC7T,-r&m HT a&ifOT^/IT* 
*©±teP tMn*H©E»«tt»2iWBj«Sft 

30±£ti C u & tlfclHtttt'f'IIMi 4 3!«gja 

S*U S6ttWE*«ttflHIJi4<0±»C«N i F e4H 

IB7 U -JKttJf 5 ©±lc{± T a * if OSHS 6 W&tifc 

[0004] ffimm&m&m 3 ©&{t«. t3fes^«i4 

So 

[0005] Sfcfi5fB7 U 5 MfB? 

•J -IK14B 5 © h v -y ^*S73lfiI (0^X73 |S0 ©W<!lc 
J&SSftfc/N— 7*»5©IB/<>i TXHl 

[0 0 0 6] 02 3^-T.fc^tC, fufB^-K/WT'X 

17, 7©±m«^HM8, 8 nri^s. 

h 7 >y ^ifg T w «buI27 U -ffittfl 5 ©±B© h v -y ^ 

[0007] 02 3K&?mimBim?<D'*ii/z.mffi<D 

tCftlftS C I P (current in the plane) Mtm£ 

nst>©-e;&t>. ^-©«^0«02 4icBf£nr^o 

[0 0 0 8] 02 4lr^-r<fc-5^, g?saffil*>e,7'J 

EtP«T. tWE^WRO/W h#ftl (0^Y73ft) 'NO 
[0 0 0 9] CCT'^JAtfm^* (J = I / (MR h 



(4) 2 0 0 3 - 8 1 0 8 



XT) ) fcMIPTfc-jefcU tufBh^-y^itSTwi:/-* 
MSMR hSrl/SfcSig/hL/i^-rSfc. MlB£-/l 
H© jgiaffii R li-JgT'fc t3 . <fc o Tgjn^ftS A R fe- 

•DttUAAV (= A R x I ) li 1 /S^C/>c<*ot 

[0 0 10] SH»fiP*--j£fcLT, tulBh^-y 

>|Twi/vf McMR h*l/Sfc$t/hLfct-r& 
£. ^eStOgfcxttRli-^T'fc??. £oTfiJa^{fcfi 
10 A R fc— ^T*2&»7. $fc-feVX®gS I fe— ^T'&Sfr 
fcBTj-A Vl±-S#fc&S«, 
[0 0 1 1 ] -7j. ^JfK©#Muf»C^LM*73lR]^e. 
•fe VXUgS^jTSt" C P P (currentperpendicular to 
the plane) SOfiSSW&ttiiSI^©*!"^ WT<0«fc^lC 
(AV) tfgftTS, 
[001 2] 0 2 5 « CP P£!<0tt*UfttbX?Oti(3£BI 

7 y -KiiJi<D±®cDie-p^i6 e»ns 1-77 ^cii t w 

T'^cn, SEfctHE^JiitCitJPttT. f)G£JIBt®'N 
20 -fh73|ql (0^Y73l&I) ^©SaiiMR hf$5„ 

[0 0 13] CCT'±IBLfcC 1 PS!0*&fc|oI«6tC, 

(J = I / (TwXMR h) ) tlfT^ 
cU BufBh^-y^1@TwJ:/W hS^MR h^r 1 /S 

t&>5. -fc^TSSx^ftflAR fcS2fgt&S<, *fc-fe 

tt 1 /S2iSi:^:5o LfctfoTtiJTj-A V 
(= A R x I ) l±— ^T?ig>S 0 

[0 0 14] -73. ^IP^r-ScLT. MfBhv-y 
*46Twfc/W hfi?MR h^rl/S«fC*S/J>Lfci:-r 
30 Si:. ^®BlOfiSifliRt±S2fgt*ti. ioTgiag 
ftHAR fc S2{gt^S„ Sfc-bVXHStl « 1 /S^ 

[0 0 1 5] C<D&?lcm?y-JX<DWMtt)mte£s 

c 1 pffliotcppfflic-rs^ii^a^Av*^* 

<T-^. CPPU«. 4-«<0ii!faS^Sftfc#5SI?'9- 
[0 0 1 6] 

^KTSSMfliO. 0 1 iimZVCftftZK^t) . C I 
[001 7] ^£©«eaffififl:te#9TilH t '»MXti 

^^tC/>?<*oTt,^< tOif*6ft*tf, 0. 1m 



[0 0 18] *CT*5Mitt±CCe*OHW*llfi* , r* 
fc*©t©"C*!> % :>fc#l$fti!t?-9-^X£/.h2<-r£<l 

s. 

[0 0 19] 

tfiitf 5ftT^«c£*1#«i:-r3fc©T*;&S. 

[0 0 2 0] *^«C P P3!©fl3t$K&m^?T*&tK 
[00 2 1 ] ^oTtuIE-feVXaSia, MIBSStMKS 

F^saicssnsav *5£wvi±, yv-omm<D±.ffi 20 

BP ttfc«ME«SHWIBJB*»IMI$ £ ®mSP £ tfMtE? 
[0 0 2 2] C©fc«>mffiS*^i}iafl85WffiJi*^L 

£0 o 

[0 0 2 3] Lfttf oT^fgBJilc.fcntf. KffifcTffft so 
#ftfc*5ttS:7y-lH14Jf©8^?®« (c©^oset^ 

[0024] *fcHfFi?--<x*fie*traB*te*:*-<« 40 

So 

[0 0 2 5] StoWSE-Cli, tW5WtflWH»©Ta* 
t&SSBtf) i#MP»©»«*©=iVl«9;*h#i«^ so 
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[0026] 026 li, ±febfcnVb7^. htfSbMM 
T'&tK H2 6tc^-TJ;5t, GMRS±- SlcCflO© 

ftzsmm amm «?tir^5. c©«j:-5**6 

So *LTC©*6IIW©±fc*«*tf#j««*u c©SS 

H2 6fcwt«Tftt, iMEttWHWGMRIIliO— ffite 

SSti J f«-r<*«*>©©®«Jta8iES8S^:iKt)ii€rci^ 
© A R * A (g*xSfkfi*m^®Q) 
[0 0 2 7] —73. 02 7li, ±IBbfcn> htf 

[0028] s9ffiiKSMi®g%«^-rs^K am 

ffiEfettniStc », Tffifr & ±ffite frttT*R©?L*«B 
/£2n. c©?LtfliBPgPi:fc5o f ($« 
SB) jb^C©?Lrt%a«)TVS. 02 7 IC^-r^lT'li, us 
PSP (3D fcl^PSP (*6iiiS$) t©3yh7Xhffi 

_k©AR*A *JIHHBSD *fo±Zi£Z>C 

[0 0 2 9] ifHbfcnvh^X h^^f?lc-r^fcl±0 
2 7^-r<fc?fC, Jt^©T*OT*ft< CtJPffSL 
t\ MEIMfeJBOTtfUitt. (y s) 

g?-a-5cfc^T#«o c © <t ^ tc &mcmi&&-t s c 

fc^Volraer-Weber (VW) SjSfifcf-P. 

rjiitoRftXn-feXMftJ V o 1 . 14, No. 3, 1 
990 (P527-P531) £#fiB£tlfct\, 
[0 0 3 0] SfcsijfB«^M©T***«t< CtT\ 09 

c©5*t,^£&{t;Lfc£*, c©Bs{fc#iafBT*JI©T 
{CJ^fiSc? nt^SGMR mic $ T'Rtf G M R Klc 
S T'g?{fc A^R^ i: 0 2 6 © «k ^ tc n v b v x h tomit-r 

P£& t © n v h ^ X h &3f £ £ A^T' € 5 © T-$» 

So 

[003 1] SfclufBS^MB©±tcSufE«^7r^ 
(AIM) *»»*SCfcT. tOGttfflEMKJI 



[0 0 3 2] #fPJ!T*{i, t1fB«^M«^*t±. R u, 
Pt, Au, Rh, I r, Pd, 0s, R e <D 3 % l^f 

[00 33] $ft*SHWtt, < i: fetuf37 y -m 

temnmffisMMWic. m&mc$>%^m&m%:frLx 
*m?wm*'i^ < t**3<dt\ s^m^osi^c p p 

[00 34] SfcJ&SSETMi, S3l5ffi8S©JK»<Ol3l2«5 
[0 0 3 5] Sfttt^fliTtt. Mie«J?iJOTIS<D*5fB 
[0 0 3 6] tuf2mjJSSUPIJl(OBU 

s?Lt, mmtwj&ymfrZM.Tctzicmm.LTm 

V\, 30 

[0 0 3 7] SfcfcSSWCtt. i>t£«S»««Mti. Kft 

HmSSMMH. Ag, Cu, Zn, Ge, Pb, A 
1, Ti, Zr, Hf, Cr, Ta, V, Nb, Mo. 
W, Fe, Co, Si, NK %±miM<D 5 *,^iTtl 

[0 0 3 8] ^ttmBMitmt. Ag, Cu, Zn, G 
e, P b, A 1 , T i , Z r, H f , C r , T a, V, 
N b. Mo, W, F e, Co. S i , N i , 5$±mJzM to 

[0 0 3 9] JSS^a^HHTte, tuIBS«t*<JPiM<OBij 
[0 0 4 0] Aftft&0!l£ LTl±, fjfBmSilWffiBti, 

f e t Lrcffimmm&ti£Z®L&gh%i.ti\ t 

i , Z r , H f , N b , T a , Mo, W&tf #±^7«g 

*»6atfn*ia*fc»i2aJM±07ai5Mi:, osst^ so 
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[00 4 1] a*3±IB©i&&, fflBWAfflRJRti. F e 
a MbOc<DiS§J&£;&*U i^cita, b, c im=P% 
X\ 40^a^5 0, 10^b^30, 20^c^40 
T'&t), a + b+c= 1 0 0ft*H««»ftf Cfc3V» ' 

[0 0 4 2] Sft«H8T8, tteE««EMI6JR». F e 
dMeNfOffl^S^WL, *§/£J±d, e, fl±M-?% 
T% 60<d^70, 10<e^l5, 1 9 ^ f < 2 5 
T-fct), d + e+ f = 1 0 0 4«Bff*ifttCi:ff» 

[0 0 4 3] flOIBI&8*mMti±£L 
TCotfigffcSnfcBT'&t,, CQt&aftreKrttiU R 
u, Pt, Au, Rh, 1 r, Pd, Os, Re, C 
u , Ag©5 "5 1/ vfnfr 1 ffl£ Ttti 2 «JW±©&JS*m 

tjb** tutmnwa&tfi&tti lx^x t> <t v\ 

[0 0 4 4] Sfctt+SWITti. *JE®»£fMEBl<Dt9S 

asp a s w*tt*mKrt »c#«s nr i/^T t. <fc \,\ 
[0045] ±cufc«a[ttBWiT«:. ^■fftfeasifc: 

[0 0 4 6] Sft^SMBfciBWSKilHftmjIS^OjBBS* 

So 

(a) T!b^mi<OSffie, H^JKttS, 

use. fc«ME7 y -«tt»o±Sfctt»«8iii*xy < 

ieif1tWlt'S»5lSi, (c) tQGMHt^^K 

[004 7] ±fe<DXigti: iot, 7 V -^1t®<0±® 
fcS^ ic , {f T® e, ±® tc S T- il C 5 SSS«D?LA^ 

[0 0 4 8] $fc*%B^T'l4, buIB (a) Igt, 

±icffi§mmttnm*Bi£-r%££&&£L\,\ cot 

^MIBTifiS^R u, P t, Au, R h, I r, Pd, 

os, r e<D*>%^-ftifrim$ircit2im±<Dn&m 

[0 0 4 9] 3&5t->»±Suf2 (a) XST', CuTb^^S 
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[0 0 5 0] ZttmiTli. IOTB (a) IlT, tOffi 

tsstma* < y * jsigf s t € , «nBtMtit»K« 
Tjgja-rsct^jffsu^. erne**?, toefetttm 

3 c t tfgg lc * S 0 fflEtetraf^&FSttftiR £ t 

[0 0 5 1] Sfc±IBLfci 3 C< t0f2*&Srciftfr £> 
©aix^^-a G MR HSlSfcit^Tfg < , 7cfiitf 

[0052] sfc*a«T»«. ffi%s.*emtnm*, a 

1, Si. T i , Z r, H f , C r , T a, V, N b. 

Mo, W, Fe, Ni, C o©?^^fWl 

2 afiLhOKf tW*» 6 & 5«6iSSTX; < •>> * AM L , 

[0 0 5 3] $fc*3Min?tt, me (a) 
8K©?8«II*»C*^T, SfA'gs Cu, Zn, Ge« 
Pb, Al, Ti, Zr, H f, C r, Ta, V. N 
b. Mo, W, Fe, Co, Si. N i , tH±^7t;iit<D 

TJ&J&U C©^jafc&»6fcSWfcTffi*p5±ffite£ 

«>, ^<D&, «ne^7t*fr5*SM*HMbU cog? 
[0054] ±ffiL/c<k5»c. KibnjB^it®*^, 

G M R MS ■t?M2&{fc#&£©*SS«iK:ES-r 5 C t tfi 

[0055] sfetfturpii, netfiHWfin^s a 

1 , Si, Ti, Zr, Hf, Cr, Ta. V, Nb, 
Mo, W, Fe, Ni, CoO^l-'fWliSfta 

cot * tut BWBmiKllfr 6 ±ffite * Ti C 3 ffi 

[0 0 5 6] tOfH (a) Ig<Oi 

MttflMOJgjAfffcfetrVC, £"fAg, Cu, Zn, G 
e, Pb, Al, Ti, Zr, Hf, Cr, Ta, V, 
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N b. Mo, W, F e, C o, S i , N i , ^±^7C^ 
O^^ftlA 1 1 mZTzl* 2 ««±©^JS7cSI«rX/^y 

^O^, t!HE&«7Sfa»SasM*:SHI:U COg 
[005 7] £fc:*mic«tt«atiKMU*7oa£2F 
io S. (d) T^&Jil ©HISS. SHMttl. 

tiu se.»ci3tB7y-»itiSo±®>c, FeaMbo 

c (fc^L7tHMl±T i, Z r, Hf, Nb, Ta, M 

0, wat;#±a7Bi5*»6atfn*ia*fc»*2afia: 
©tc*) **«aaa**u issisita, b, cttac?* 

T', 40^a^50, 10^b^30, 2 0 ^ c 2 4 0 
T\ a+b+c=10045|^WcU SftFe* 

t LfcfftgJl&tf, 7cJRM tot ©{fr&W**tr 

20 ;^^t5ifit, (e) md.mmtmm±te.mz 
[0 0 5 8] *&mvtt. ±i3Lfcmss®jpss^jaa 

L, CO^iUltCtoTKrtOKft^n-f'f V->7C^<DSE 

*C1 0%~3 0%jgJgT&3CtAW£lA\, 
[0 0 5 9] Buf2 (d) XigOF 

eaMbOclcft*.T, F edMeNf (fc/£L7C^Mt±, T 

1, Zr, Hf, Nb, Ta, Mo, VJJ2LXf%i±mjtm 

30 frsatrna 1 2 aj-x±d7c^) 

a**ru, amsjtd, e , fais^%-t?, 6o^d^7 

0, 10<e<15, 1 9 2 f ^ 2 5 T% d + e+f = 
10 0«Bff6»ftU $fcFe#£j*#fcLfcttt8 

nfcKPfiK^WrS, *»tWKJi*X^<y*J«l||UTt 

[0060] ±SH©«3fi£ffiT»i, 7 >J -Kttjl(0±iB 

tc, f e*£mft£vrzim&mt. ti, z r , h 

f, Nb, Ta, Mo, WRU%s±Mrcmfr tlZ 
40 l«Sft»4 2aJW±07ai6Mfc, 0*SVttNtOft-& 

[00 6 1 ] $7t*^T*«, gOe (d) XS<DF ea 
MbOcfcftiT, SSS^JPSe^r, Cot, Ru, Pt, 
Au, Rh, I r, Pd, Os, Re, Cu, AgO? 

[0 0 6 2] $fc*^T*t±, tOE (d) Igfcfe^ 

so t, tuem^jpiii^m^-rsto^, toia^ v-m&M 



(8) 
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[oo6 3] &ic±mi,rc£5fcwm!\mmicttLmm 

So 

[0 0 6 4] &3otufHTiteB£:R u, Pt, Au, R 
h. I r, Pd, Os. R eO^^Wl M£/cli 10 

^imm (d) x5g*c*5^T. tuiea^i^^/st- 

^/SlTSC£tf#£bV\> 

[0 0 6 5] %rz*5£WT*i*s mzmffi.mvmtti&is, 
mtmwtmms<D±mfc. pt, au n rh, i 

r. Pd, Os. R eO-9^^-rn^ia^fcti2aJ^ 
[0 0 6 6] T^?>. fgKOSffiB. 

wmhrul 7u-iw ip«tt*rae> h^sshsji 
at;s3ft«iMoi«T*jiiii*«wi-rat>oT*oTt> 

[0 0 6 7] 

[^wo^ssojgsi] s i ^mn<om i »^is 

[0 0 6 8] 01 Ic^f «^ffi^O±Ttc«x 
^71 (B^f) fcttbT^-Jl/FJi m^T) & 
RW-6ftT*5tK fuf2?85U$ffilft^ #+y7MRlfi' 
-;VKM^TMR^«y FfcPftfftSo *o 

[0 0 6 9] S^30lJi:/fst®Bi2O, 3 3*^815* 

0, 3 3tf«tt«Sl*?g«sn*fc*«. v— ;PFB£r 
[0 0 7 0] WIBMR^y Fl*. C»«E{*teC»StLfc 
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[0 0 7 1 ] SfcifflSMR'Ny Ftt. m«7';l/^^- 
h (A 1 203- T i C) TJgjKStlfcX 

f«w****i*. 

[0 0 7 2] BnC/fst)?f2 0ti, Sl^lilt^ 
5 Q h3IB^ 1 Ofii 2 0 PMa-Ta, Au. 

cr, cu (Si) *w (^v^ry) ftH-ejg«sn 

[00 7 3] f&fBfS 1 2 o o±ffi**fc T 

ifi!2 1 ^JB^Jc^nSo tuieTifeB2 1 tt % T a, H 
f, Nb, Zr, Ti, Mo, W<D5 < £ fc 1 ffl 

tt±T«?tiS(l^W$U\ SulBTiteB 2 1 t*5 
0AWT8«oBWeJBj«sn*. *fecoT«Mi2 l 

[0 0 7 4] #lCfjf2TifeB 2 1 ©±fc:«S/— FW* 

Wffit¥ffft^riRik: (ill) ffi#«BEftSftTi^ 

So FW+2 2ti, N i F e-&&. fcSlrMi 

Ni-Fe-Y§4MLYtt, Cr, Rh, Ta, 
Hf, Nb, Zr, T i fr^ilfcfn*^* < 1 U&L 

±) t«^nsct^$u\ cne>o«aTM 

2 tlfc 5/- FWt2 2liTa tlfcTtt* 2 

¥fr&*iaifc (111) ffiw«aaiRib^-r<&*o m 

[0 0 7 5] &^*KMfcfe»S«jKtttB«^t±*Ji© 
KS^SiS^lRl^-b yxwt^ns c P P^T^^fc 
«IE'>-FWt2 2^t>aS«fc-fe>x«itt^8Kn 
SiB«tt»«S. J;oTtWES/-FU-f-V2 2ttJt»*t 
^t}St4^ci:mii\ tft^CPPST 
liaSfE^- FW + 22ttNi F e £ ©JtfiSiO 

w-^2 2tt«««na<TtiA^. 

[0 0 7 6] *lcWE^-KWt2 2±lc&K5is?K1£ 

B2 3#j&s*ns 0 miRmsmmz 3&, 76* x 

CfcTEbXtt, Pt, Pd, I r, Rh, Ru, 0 s <D 
1 ffl*fcti2«W±07C*T«S) ^Mn^tS 
t"«E»att«S-Wgj«^tiSc:tWfiFSb^. 
4±lfflEE3IHBtt» 2 3*4. 7E*Xfc7HISX' OtltX^jt 
mx' it. Ne, Ar, Kr, Xe, Be, B, C, 
N, Mg, Al, Si, P, Ti, V, Cr, Fe, C 
o, Ni, Cu, Zn, Ga, Ge, Zr, Nb, M 
o, Ag, Cd, Sn, Hf, Ta, W, Re, Au, 

pb N Rv^±m5imcD5%}M£rciz2Mu±<D7im 



(9) 
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[0 0 7 7] tft&©Ka«tttt»«\ BAttteflEtlb 
& 7o s> * v ^jgS £>iU< KiB^-r 3 @S®t1S^ 2 

f(NB£3fflK1£A 2 3 « 8 0 AW±T 3 0 0 AfiTFOHW 
[0 0 7 8] #fcMfE£8«ttS2 3<D±fctiH5©Ktt 

[00 7 9] |uI2@^1SS 2 4 «r««-r * W# 5 1 R io 
D*5 3©Hli»M4ffl-e&9, m«Co, CoFe, N 
iFe, C o F e N i Sift«?n5. 5 
1,53 M»ctt Ru4 ife^SnfctflBB 5 2 tffl-fc 
L, c©««KJ:»J, fufE»EttJl5 1 t Ml BHSIx/l 5 3 
©JK{t:*lRl»iSi/->k:S¥ff*UlSH:*nSo cfttti*i* 
5AI7 x y «£ft tl§. 

[0 0 8 0] flffiESBttttfl 2 3 t> MfB@5£&14Jl2 
4 ©tfflEE!»fflSyi 2 3lCgm»&tt«5 1 iOIWhUi 

fu!3«1xB5 1 Oftfctf'W h^ift (H^YSlft) K@ 20 
^$tlfc©-&. fed— *©«tt»5 3ttRKKY«Sf|s 

[0081] 4*09*. tf, MI2aattM5 1 , 5 3©KiP 

a^n^ni o~7oAggt-M?n5. $fc*HJi 
[0082] * fctsia«ttjs 51, 53 ti^-n^en^ffi 30 
15K 5 sowpcwmfwiftoT^s. to 

BKa*-^ > MMMWMbM s xpjp t T*RffiS*u 

0dx.i2imeatttJi5 1 , 5 3*pncmvttm*mvmj$. 

<D«ST«t5tf, B5f25ai£/I5 1 , 5 3<DEm* 
RftBttCfcT, iuf3B£1x/I5 1, 5 3 ©««*-* 

fB&tt/f 51, S3 5:AI7 x 'J «BBK"T « C t WMl 

[00 83] *433)s:5g^T'«f5f3H^a314M 2 4 ti? x 40 
y«tiiT'li&< N i F e-&£, N i F e C o-&£, &5 
VttC o F e^a£©#Ji«**VM4Wili-e«J»S 
fttl^T&gVo 

[00 84] fflEB£«1xJI 2 4 ©±tC«3Effitf£*l?SJI 
2 SaWB/SsnTV*. ttG#tttt*M2 5liMX.t* 

c u * £©a»g£i©ffii->»six*mu: <fc o T n 

So MG^ttttf IM 2 5 2 5 A*§JS©B&PT* 

[00 85] ftlctfflE!3Hfflx*lt9JB 2 5 (Dtlcity y - 
ttttJB 2 6 tl«. s3fS:7 'J HKttJI 2 6 ti 2 A so 
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mmtm&zn. mesm^nrnz sttimrsutc 

Co&5 4imtitetlZ^ZC£im*l,1t\ CtHCH 

?>itne#*tt*H»2 5 t<o«sn?©*«5E*«ojs« 

*BSltT*£, SgfOEfc* (AGMR) %**<"T*Ct 
tfTSS. SfcfllfBC oflg5 4±lCli, N i F e-&£, 
CoFe^ Co, CoNi Fe^SHtiOM 

137 U -*tt* 2 6 ©£{*©K)Pli, 2 0 AULhT* 1 0 

[0 0 8 6] 4«W37'J-«ffll2 6tt±ELft^f 
r*««ftS««WLft 1 JMKft-nSAStiT^Tti 

&</\> 

[008 7] flWE7 U -KttS 2 6 ©±tciiaKtMPUl 

2 7jwg*stiTv>*. trnwamramz ivwmb* 

[0 0 8 8] ^mX'li, tufBT*^2 1 frZffimW&L 

nmmz 7 *-e(o&mm2 &(ov<7vtW5fa cm^x 

*K» ©H«ffiS2 8 a, 2 8 ati, »gSL;fc«&ffi4: 

[0 0 8 9] 01 ICsSf <fc ? fc, MIB^JIBi2 8©Fv 

So *3fB*6igai2 9li0>J;Uf A I2O3, S iOz4i- 

[0 0 9 0] ituiBiifclUf 2 9C1I2 9 a ti, 
-8*14/1 2 6 OTI * 5 fe HaVFfiH (H* ZXfot iiitt 
T^lRl) tMsnT^sctw*^. 

[009 1 ] m§StmiS2 9«D±fCtt, /WZXTiail 

3 0fflg*SftT^6. S^«IIS/W7'XTiflJi3 0O 

±»ca/\— F^-fTxjB3 1 ^Msnt^s, lu!B>» 

-K/SYT'XBS 1 tt, 85fB7y— «14JS2 6<0MfflJfc 
»lHrt-*ttBlc»J««ti*. M&\-K/W77i3 1 

T, mZ7V-&^2 6<omtli®7KXj3mcffiZ-£> 

tlSo 

[0 0 9 2] fJfB'WTXTSfiBS OtifllB'v- F/W 
TXM3lO#14 («tt^Hc, ftJgJtS) £rlRLk;*-e 

[0 0 9 3] *^T'«, «JfB^W7'^T*Ji3 Ott, 
ig^*jfi^^jl^ig (b c cUtig) <D^MKT'^A 

A3oo«iaei4» (100) stfflM&A-rsovt? 

[0094] ^fctljfB>'N-F/^-l'7 T X®3 Hi, CoP 
t^CoPtCr^HT'MJM. 

^©^S^iifi, ««A73«3i (hep) #^§$.St/^^i 

BBfelUfflBfi (fee) tSS5A^«3t (hep) <DS 

fflt^oTU^So 
[0 0 9 5] CCT*±IB©^M^T'^^tlfc/W77> 

TSfiSSOt^-F-'WT^.jiS lWtSCoP t 
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C o P t Zk-S&lt f c cmm*fcl£ls-3£> < h c p*8it 
o P t lS-&^t>'W7XTitfeiI©^S®F«3fcei$feKlRj5 

n*. Mffih c p^iitif c cmmictk^T cmftmc 

*#fcfl^g;£te££i;37ci6, a-K;W7XI3 1 
lcffi^^^rti:^<D«^H c l±±% < &5©T*& 
5o SStch c pOc»l±C o P tI^t/W7XT 
i$Ji£©JgW®rtT-®7tIEfo££oT^57ci&, 

J£S«*#<fc3, ^©*SS, bOIB^- r-VW:TX/i3 
l©#tt*fo±*-e3Ct#T*€, fufe^-K'W7X 

S3 i ^e.%gt-rs^W7'x^*ii^:?-&^iit^T' 

[0 0 9 6] *5&nT°l±, i^S«it^f*^3i*«ii (b 
cental) co&mmit. Cr, W, Mo, V, Mn, N 
b, T a<D^-?tlfr 1 Mg.tcl±2m£L±<D7imT*B?S.-t£ 

[0 0 9 7] Src*^-r?tiijfE>'^-i'TXTiaM3 Oti 
/v- KVW7X13 1 ©TWc©#Jg/jJc£nT(^3Ci: 20 
t>W£ L^t>\ Mi&mm2 8©PHI«S2 8 a 
K/H7X1 3 lfimcfeigT, fftELX^^\ hOIB^ 
mm2 8©HIiffl2 8 afc^jK^n^WZXTifc/i 

[0 0 9 8] cntiDtufB^— r-VWTX/IS 1 £7 

7 v -mam 2 e ©jshw kb^©^*^* s/< y * 
y > ^si*** if ©kh ijfa^ y 2 

6<DfiSE*JSl«r^tcT€S. 30 
[0099] Sfc0 1 icjjrf tSfS-'N— 
X13 1 ©±fcti*6»iB3 2*^^nrt->So toi2*e 

^Ul3 2l±, A 1 203-^ S i 02* if©— S9:65^:*6i^# 
[0 10 0] fc*SC©||flWgfiS?ti, i5!2«e^S3 2(D 

±bb t vhembub 2 7 ©±a t # ra— B5±T?¥afl:« n 

TVStf, tijE*6i^e 3 2 ©±S£tufB«»i8W(EJI 2 7 

©±a t ^iri— a±Ta&5i£>sfctfc<<\> 

[0101] ^LTtufH^/13 2±*>e.S«t$iJPIil2 
7±»CjbH:rTSg2©lHI»3 3WStl5„ 100*2 -»o 

©til 3 3 iif3fB^ i (ommm 20 1 mmc mtf 

a-T a, Au, Cr, C u (ffl) (^V^Xr- 

[0102] cosawgffli-ea:, itufBSg2©«gji3 3 
fr5*iotiiz otci^^T-fevxmgs^isans^, 

Hi ©@IS/f 2 0*^S2fllli3 3lC[R)^TfjfB-fe 
^XSfcfob<SfcnTfc&V\, «£-?TliGiB-fe>X«gfi«, ^ 
JMBi2 8rto*Ji*BlffiiS**ift»c«En. £©*•?& 
■fevxassostn^iRKic p ps^nftfnSo 

[0 1 0 3] COK^tti^T'ti, 03£«14P2 4, so 
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©jfeffTj IrJ« Z # f&iT'fe t> , EWif^ 6 ©an«#*# 
YftfoiC^Z-ZftZt, 7'J-Iffll2 6©«{fctfH5S 

mm Sftfc <fc t> , esn^ e. ©anaiwttfH ar n 

So 

[0104] t c 5-p*^Tt±H i tc^-r «s o m 
tB7 y 26tf2 ©mn® 3 3 1 <d?s icmmm 
mm 2 7^snt^s„ 

[0 10 5] *9OTK«l*S*ffi»JI8J|2 7limtfH 
9fc^-rK«^T'j&5o 09 «, g3IIttl2 3, 
ttttJI 2 4 , #814«PWB 2 5, 7 'J 2 6 Ktf 

«8K»Jf8JI2 7©«#«5£BIT?*S. 

[0106] 09 tc^-T «fc 5 IClffifBltSffiMRBS 2 7 14, 

H£S:©?15 6 tfB&z tutamtmm oemm 5 7# 

S#k*oTl/^„ filfH?L5 6©-5^'J>*< tfe— BP© 
?L5 6ti, WE*6^««K5 7*T®*>>&±®te*T?S 

[0 10 7] 09tC^-r<S^t, «nEt8tt#»K5 7± 

§2^«1t#^ii5 8litetB*e^#^P5 7 tJgj«Stlfc 
?L 5 6 IC tlT 13 K) , Auf5?L 5 6 ttne»«tt 

09TH4, HS±OE**«Wte'r*fe»!>, -SP©?L© 

r?L5 6j rxs r*«ftt}fll5 8j *s^:m^f2 

ALTO ->£><, 

[0108] cc TtmeiHWfMi 5 7 a, mtm& s 

Ag, Cu, Zn, Ge, Pd, AK Ti, Z 
r, Hf, Cr, Ta, V, Nb, Mo, W, Fe, C 
o. Si, Ni, SijKBS©^'5^fnfrllSfti4 

Pfg.l,l,\ *fcg{fcK«, Ag, Cu, Zn, Ge, P 
d, Al, Ti, Zr, Hf, Cr, Ta, V, Nb, 
Mo^W, Fe, Co, Si, Ni, %S±m.TcM<D *> % 

[0109] cnzmtMJBixfmitmii. mmyv-m. 
^MfB^wsi 5 7 teas 9 ic^vr* ^ * 

So 

[oi io] £fcti}e^ig&#§i£fcsa>sjMi#g© 



(11) 
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mt, a«iSS^r 2 0 1C~ 2 0 0 iCgffilcfg < Lfc K> , 
Ar*"XE*10~50mTor r (1. 3~6. 7P 

5:2 0 0-3 0 0mmgJS[tcflSLfc!?-r5Ci:^T'3& 

60 

[0 111] 3M3±EL;fcX/<y$'jaure«:, 0iJ*Jfs 
?Xo— X/ W 3 U -> 3 5>m<D\,->-f 

[0 1 12] *fc*«tttraiI5 8ii. -HSWfcSMM: 

ttmzmm? s c M*if®sjf 20. 3 3 1 

H«Uca-T a. Au, C r, C u (M) *VJ 

58liRu. Pt. Au, Rh, I r. Pd, O 

[01 1 3] «&M7t*ii*-ng#» Kitsn(=<v># 20 

HT'fe <3 , (gflfcttfUg 5 7 ±RD'?L 5 6 ft tcMfE*&JI 

S-rBHP* (?L) t»MP» Ctt**MSWi) t<D=i>b 

[0 1 14] et±©<fc?»C*^-ett7U-aiSii2 6 
±£&tta: £ ^SSiJ t «««fiE L;fc®»SfWI®« 2 7 *R»* 

[0 1 15] ?%;t>-Z$m9i<D&5l£CPPm<D8mm 

mm^-cHt, m 2 33^ zmnz -t vxufti 30 
tf») 5 7 6 rt*c»«tt*t«st <»« 

35) 5 85rffi«)iA ! A.fc^att liufE-feVX 
[0 1 1 6] £(Dtclbm2(DW&m3 3frZm%dMmffl 

jaw*. Mt27 y -KttB 2 6 ft*m3.mnmtn& 5 8 

[0 1 17] Lfc#oT*»ll!K**Uf, KffifcTfrfc 
73lSlfc^S7y-«K14JB2 6dlfi« (c<Df£?E 

eatk rasa 67* huyy^^w-js* 

*«/ai/Tt, safea*o*^cppso«*ttiaiiff so 
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[0 118] &*43m-eu, ±«B©J:9fc«*i:Ha 

9 fcaRf t-77 £i|@T w5 0 . 1 5 — 0. 3 fimlcBtf, 
ft, SfeMh*lRlO5SMRh%0. 15-0. 3 
/*mtcJg/£T*£. *t>T3fc*«&*?ffi«*0. 0 2- 
0. 0 9 /im2fc:;*:*<JgfigT?frS. 
[0 119] SfeHMTtt, KnE^B9ftie?aB8l 
0. 0 1 /im2JKTT^6Cfc^»SLI/''. *#Jl$ 

(TwxMRh) JL5 6©Bap^**HtT^J6SC 
ttfT'ZZo Ctltt> GMRIgJS^OgSlfitfcx. ttB* 

[0 12 0] S^«f|f2S»JISJl2 7*B£E£¥*t&¥ 
mt^Rfct^lc, MIEFJQ95 GL5 6) <D#J-&& 1 0 
%— 3 o %gsr-$5 C LV\> 

[0121] sfetmrcti. «^*WftiiKFffi«a:«3fe 

[0 12 2] Sft49nB-Pld:ffieWlKMM2 7 0KM 
[ 0 1 2 3 ] 0 1 0 ic^raSSSiJfEJa 2 7 ©I3l2*6«i« 

6 8 immmffi.&imm 2 7 o±b*> z-m\c * t-ji ut 
Mstitt^o tote«6 8©wwiisoaif 

tOffeoTtiK -?-LTfuEi?t6 8 P"3Rtfite»«3S 
15 7±lCl»S#iHa5 8«?nT^5. 

1 0 to*fii»*r^si5 7 coim<omti^mm<omm, 

^»WBW«il5 7©*fc:**JB) 7'J-«ttJB2 

[0 12 4] -r4*»*WHI<0J«*%if©aBT?±»**» 
»CJ:oT, MemMWI8Ji2 7©¥iBJB«tt*fl:bT^ 
< 0 CCT-SS^Oli. *5IBS8ii©J|5IS2 7^«fig-T6 
t§5^»i(^lg5 7 tT®*^±®tc*HtTaa-r67L5 6 
$.5VH±iS6 8A^«tC^^nTI/^C tT'feS, <L 
©i^^JLS 6^6l/Hiit6 8^«aLT^fiK?nT(/^ 
St. C©7L5 6$>6t/H±»6 8P*9tcS4t>iiStXfc^m 

tt»*« 5 8 &y v -m&m 2 6 ti?«i*»taB t 

memz 6Rl>*02 7 0fcC5T*ltt^bfcjlt>T**'?. 
*Sffl8TttH 2 7 ©J; -5 t*B»#«B« , 7 U -«1£/f ± 



(12) 
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[0 1 2 5] %fe02 7 liMIBtiJiffiWBS 2 7 OTfcf 

[0 12 6] Sfe®l OOi^tc, |QG*ffl[MIBA2 7 
<Dii#^l 5 7 lcl±, flOGtfHEMIBJI 2 7 0±ffift»6 
Tffifc £ T*il C £?L 5 6 t „ IKS t Wft¥H:fr 5 jlfc: 
fc£4cjgi^LTJ£t>\ SufSfSi^MRSS 2 7 0_h®^e»~F 10 

[0 12 7] &£09te3Sf®ftfWIBJg2 7«. Jt&<0 
?L5 6«qg«Stlfcl6»«Slll5 7 C©3L5 6*H 

[0128] *miT'i±, mz.imimift<o2- j rv h 
tmm$Ettft<o?- J fv h Affile u ctie.200^- 

bA«9tEMisji 2 7 ^jg/s-ra ctms. 20 
[01 29] ji&iwcii, tafa«iswuB2 7<o^msp 

[0130] ±%d.Bmmtt?znffiftimm2 uz®m 
tz> t, msMumfsm 2 7 «, f e *£ja#i: 

fWJiftaflttSWBW^ Ti, Zr s Hf\ Nb, T 

[0131] C<O@«tfW0IB2 7T*« S F eaMbOc© 
aES^fL, 3gj£ita, b. cttilf*^ 4 0^ a 
^50, 10^b^30, 20<c^40f$^ a + 
b+c = 1 0 OftSHMifctCktfiifSU^, 

[0 13 2] *SV-»liHSiStt«J#JI®S2 7T'tt, Fed 
MeNf©fflj«rt*WU fflJ*tfccU e, f ttHF? %T\ 
6 0 <d ^ 7 0. 1 0^e< 1 5, 1 9 ^ f ^ 2 5T*S 
!K d+e+f-1 00ftSH»*»fcTCfctf#$L 
</\> 

[0 1 3 3] JtfB^mi?StS«JPSe 2 7 ©7&8tt. tHAtf F 40 

K> , JPftafiOT h V V ? XOftgtflC b c c F e £±J# 
#fc Lfc**SAtttf£ft«r a«nfctmE«aHWBUi 2 7 

[0 13 4] &43±fELfcX/W£/£§tT'l;i\ #iJ*Jf, 
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[0 1 3 5] fcSt^tt^lBUiTW:. mSMMMWMZ 7 

259s C<D*6»«^SlF*3lC, Ru, Pt. Au, Rh. 
I r, Pd, OS. Re. Cu, AgO?^^ftlfrl 
lit fctt 2 »^©i*&JpmfiTJBj#*ft;fc#*tttt? 
jb^ftUTl^S. 2 7 t^T?* 

S. 

[0 13 6] i&SWi, MfaSififiJPie 2 7«D^gPl± 

jwwhsfft**?)* flQe»m£tt?av simg&t&ssg 

[0 13 7] 4*±ELfc»«tt*t?»cl*CufcH©— 

is«4ftttn^itf, jeiitttt? a 1 2 

So 

[0138] £rc±mhtc£?immim.¥*MtE-£& 

t € ti\ tu!2#«14S^<O^S<t 0 13IB«9K»JRW 2 7 

[0 13 9] *fc*^fcfctfS«^lH*=P©lW»«: 
[0 14 0] #5gW§T?t3\ luffiHJglKttS 2 4 

3) , im&*fflm2 5Rzfyv-m&m2 6(Dm-£m 
mi 2 mi tt^m<Dct) aeo a&l±x-3o o ku 

TT'$5C LV. tt*.t£8MEH£tt1£JI 24© 

§|J?l± 2 0 Agfe ?HKtt*flMi 2 5 commit 2 0 AM 

a, 7 y 2 6 ©Kjpt± 3 o a mmx-& s . 

[0141] IWBHSIKttJl2 43&»67U-«tt«2 6 
ST'O^liT 2*<6 0 A1X±T' 3 0 0 AJ-XTT-feS 

t . MfBe-a-MJp t 2 s a t ra c 

C ©/Sli&HUfBe»«?tt> y -KttM 2 6 W*ft 

ft«nf3S^iW*T 2*'6 0 AttTOi 

[0 14 2] SfcEl fc^-r««t*a*=FTtt"feVX« 
MEH:IB2 0«BJ13 3*»6»1 ©«Wi2 Oteftfr-aT 

sin (jMTfej:i/^) , ffigmmtimmz i\&mi7v— 

M&M2 6©BufH-tvxm^t©iiMSfiiJ (.m l tc*5i^ 

-t >xmmMm 2 ©sua 3 3 ^ e.^ 1 co«ns 2 
otciR)froT^nTt^2.i:*:?y-&i&i2 6©±®*^ 

ck t) WE-b>XWBl4|WE«i«Ml"JSWI 2 7 Ogp^T'^* 

w»ctSE»)3&*nT«»«aiii?ffi«*/i^<T*, 
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So 

[oi 43] %£B i te*-tm.smmm¥<Dfflffi&<Dft 

Tit, »«flB7y-®14S2 6<Dh7-y^itg73lR] (ia^x 
TdIrD <5MIIi:A-K/W7Xl3 1 tf&lfZtlT^Z 
t>\ *:<r)±.T\,itmmz 9, 3 2T'I$nr^5„ 

[0 1 4 4] <KO£:i&fjf2Sfn ©WUI2 0tl2Ol 
WM3 3m*ffi.n2>*.^7.Wffi\±, T«6®2 1 7b^@«t 
fftlPlH 2 7 £T*©^IBi2 8<0^{||ffl«lcti^jjSb-re. 

2 8ft5:«mT, ^ff£ffl;^#SC£tfi^T'a5 

So 

[0 1 4 5] SfcjftfSi&^iPT 2#e«®?©¥J$S 

5„ C ©*§-£■«:, *S!l/i2 9 £ 3 2 <D 15 

[0 14 6] J-XT, M 1 lc^-T?K^tB^^OK« 
^c-OV^TUiB^-rSo 02«#fgBJflc:fctt;g>Sjf 2ft|$£7fc 

mit, mi tincHfc^bTv^So 

[0 1 4 7] 0 2 lC^Vf5!S&7£<l£T*t±. tuie^i <os® 

12 o<D*5k±.mz. ta^«jk$ijpui 2 7 , yv-m 

WM2 6, I^14*r4»2 5, @5£&14J! 2 4 &1>'K5£ 
ttttJI 2 3©JBT?SW«tifc**M3 4 ^?nt^ 

So 

[0 14 8] tut B^/§H 34©h77^ ifM73 |o] (0^X 
#|SJ) lC*3{tSMffl!lffiS3 4 as 3 4 a SjlieU fc*§§* 

[0 14 9] MIB^JlBi3 4 0ffi<l!lfiB«eicli, T^e>*6 

1, isz.xsmB.ms 6(DmT'mmztiT\,>2>o 

[0 1 5 0] ^LTMIB*e^Jl3 6±^e,t5fBS^ffiEtt 
H2 3±tC*HtTM2 0midS3 3^M?tlt^5. 

[0151] m2ic7F-r%MBm<og-mm3 4 owiiig 
m*. 0 1 ic7n?nffiBm<Dg>mm 2 8 ©issnim*: a 

[0 1 5 2] C(D*Sg^^*5V^TfcBijfB«Sil©JPIS2 

7imBfi}£®wsi£t>mtELrcmmT'&2> 0 40 
[0153] -r^-^tijism^twiii2 7 vmmwm 
a, < t ^mzmffimmm 2 7 <D±®*>p»TSfc $ 

T*iICS}tSSt©?L5 6A^t?.tlfc:«6e«^5 7T'$ 

<i©?L5 6mcmmw&t&zmmmtnm5 8 

S ^ ti: gyf HSSStMPl/B 2 7 (Dm^W^lt, M&tW-fi 
©16 8l±tufBmi?itS'JPSJl<OT®7b^±®li:ST-3li:T 

j&ssn, c©«6 8WcMta«ma5i:*s«t«ttw 

JS5 8A<ttU6>iSnfc^^*S (01 0^#.WC so 
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o 

[0 15 4] £St/HiityfB®ftWi/i2 7©Huf3&«a5 

immtm?T°& k> , mmm^&mzmm t & s 
«eai4»^^ic»S{$nT^s{s«fiET'fcSo 

[0 15 5] ^fcl±MfB«dftWI®2 7©Btf3*fei^a5ti 
^IS^T'^O, MfB«6^tt^«s fflfB^agCi:^ 

ssgmi4*mKrt teSHft* nx t^s k«/£t-;£>s . 

[0 15 6] SfcCOHSS^Tfcs i}fB^IIIl3 4© 
Stlft/\- K/WZXjl 3 1 <D±Tlcl±mSim 3 5,3 

6 tfj^s nrio k> , tflfssfr i ©mis 20^1201 
ii33 ?$*ffi.nz^s*mw*ffi^mmmmriWffi.-t 

S©*^, MfE^/fM3 4fc±tc-fe>*SiJ!Wjfc*lS 
«fc?t;:£S©T\ B£mft©fa±*0SC£tfRrtrc*;& 

So 

[0 15 7] %LiS£<D'®2lC7ii-?mtmm-eit. fJIB-fe 

vx^gsiast 1 ©®&b 20*^^2 <r>mmm 331^ 

ifrm.ti G&S<,MiiS£T"£><}:V\> > LfcTb^TttfBmSt 
Mi® 2 7 t±MIB7 U 2 6 (DftifB-tr vxmgft© 

[0158] Mzm3it*Kwicmfzm3$mmm<D 
&%.®mm?<»mm*mmm# t ©*f e. mfcgp 

»»fa0T-*So £*501 t|W]U?3^#tttt£>txT^S 
Bl*, 01 £|l)e/l*^LT^S„ Sfc-feVXQfeifg 

2 ©tie 33*^11 <ommm 2 0 KftttTiftns 
(a&s^&jrc'&j;^) „ 

[01 59] cio^M^siT'ti, ffftsiii 1 (ommm 2 o 

£Jg2©«lB3 3P5»i:^?nS^SK2 8C« 
«01 t|B|UT'$.So 

[0160] commfcMT-ii., m^\<ommm 20 
±a» zmm&mm 2 8 © h ^ ti&sfa m^x *irD 

©Mffl!lffiffi2 8 a, 2 8 alC^^TX^a^-M (H 

as»»tt>*5) 37, 3 7jwgfigs*vr<^s. 

[0 1 6 1 ] HUIBX^i7-M3 7 Fe-Os N 
iO, CoO. CoFeO, CoFeNiO, A 1- 
O. A 1 -Q-0 (CCT'QliB, Si, N, T i , 
V, Cr, Mn, Fe, Co, N i fr&jliRStlS 1 fl 
fcl±) , R-O (cCT'RBCu, Ti, V, Cr, Z 
r, Nb, Mo, Hf, Ta, W^Sil^^nS 1 WiK 
±) f?©l?fb%, A 1 — N, A 1 -Q-N CCCX'Qli 
B, Si, O, Ti, V, C r, Mn, Fe, Co, N 
i frSiiiKSnS 1 mtH±) . R — N (CCT'RliC 
u, Ti, V, C r, Zr. Nb, Mo, H f , T a, 

w*»ea»?sns i aw±) m<omim. n i Mn s 

b, P t M n S b 4 HO^tl*^ y tjg 
i£T'£So 

[0 16 2] WEM+a?- flg3 7©±tCti*S^a2 
9, /W7XTM3 0, A-W7XI3K *3<t 
tf*6iiiJl3 2^WUgfig$nT^5. ^LTmifB*e^il 

3 2 ±frzmffi.fflf§J8 2 7 ±jc*>^tii 2 (ommm 3 3 



(14) 



JftBB 2003-8108 



25 

[0 16 3] COSOBKBTtts fufB^®K2 8<£>Puffl 
lttE**«2 8 0Jtt*fl9a«?BB« (TwXMRh) tfi 

[0 16 4] 0 4tt*%W^^^S^4*SSJgfil<Oaai« 
<D«ffil 3 3fr5*l Olgl 2 0 Jcift^TWn* (« 

[0165] H4te5s , r*w»»-ett. KME^y— Ktt 

12 60±JC*P^«3 8tALT^-F;W7Xi3 9 
WSnt^So j eUMffi/N-K/W7Xl3 9 0 

±^S3ia«8KWiaa 2 7 w»»5tiT^So 20 

[0 16 6] c<02BBB»Tti. tfflB:7y-«tt»2 6 
±lc * HS 3 8 *ft b T JB* S tlfc / \— F/ W T XS 3 
9cOS^5»^^HufH , 7 i ;-«ltt/l2 6K:|rJ«-T«/W 

126 (DBBtfb W H^X ^IrHc fatt £ n§ <fc r> K * T ^ 

[0167] iw3+mui3 im&mwttnT'Btfi 

r. Cr, Re. C u O 5 % 1 «S 2 Stt±©^ 

^T^ntl^ctWIL^o S;fca3ie4MfflJB3 so 

[0 16 8] B 5 JC^tSI»«»T ttWC7 y -«tti 
2 6±te»«EfMlfiJl2 7##J«S*lT^*. BufBBfitftJ 
PI/12 yoflBW^WMftifJcov^TtiH l T*ittWbfc 

[0 16 9] ^UTWCWWWRWZ 7<D±JC/>-F^ 
[0 17 0] /c/cU H5fcfel^ BUfB^-K/W7 

xi39i:^2 0^*11 3 3 micmmimm 2 7 # r» 

[0171] $fcB4fc:;feVvt, tuf2«*r^® 3 8te. m 
ZlfA 1 203^S i 02ftZ<Dmm&nT*&j£-ZtlT*> 
&\,^t>\ frfr&m&> huI2*HS3 8^S<^bT. 
tQSS» 1 Oil! 20^2 3 3 MfcSEttS-fe 

ICtSc^MST^So IWS*MJB3 8(D0UP»2 0 
-1 0 0AT«?MC^mU\ so 
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[0172] &rcc<Dmmm<D&?\c, mmvufflm 
■ 2 7ii, taiB7 y -«tti 2 6 o*yx*»oaiffi 

[0 1 7 3] ^^BlJIB®8it»ilS/i 2 7 it, mz7V-m 
ttJB2 6k*m»3 8Hlfc«««nT. «JE7y-«tt 

[0 17 4] S/c02^*r*fiS?gj»O<t5^ 
m&m 2 6 tf, IOfBS9SttttJB 2 3 £ t> feTWKUBfiKS 

nfc«^fctt. ims* 1 <o«<si 2 0 ±icwffifamm 2 

7, A-hVW7Xl3 9, <WfflB3 sRxfyv—ma 

12 6 

[0 17 5] ftSl^tt&l <0®S)I2 0±lC/v- F/W 
7X13 9, mSS^JRSS 2 7, 7 U -fflEttil 2 6 OWfc 

tD€Si2 0^^2Oiii3 3telRl»Tattl^ fufB 

7 y -«tt« 2 e fDTffii^t isxmtt<ommm?<om 

illlc^^o ftfelttE-fevxTOttoeiiW^i. Jg2 
<0®fEB3 3^5Sl Otgi2 OtC|pj^T85tlTt»S 

[0 17 6] B4 0<fc-5^ 7U-Iffll2 6tC*P^S 
3 8%^LTa- F/W7XI3 9£:ig:«-£8t3tT;&3 
feS(/Hi0 5O < fc«9^MI3> r y-K1til2 6tcSSIl 
WIS 2 7^LTa^K;W7X13 9*»**£«ii 
TfeSfc. ME7y-iffil2 6©H«Bca-K;W7 

ifcBftsn* c < tuiB^ y -Ktts 2 e comm. 

[0 17 7] *fcH4Rt/H5^-riaSJgJllTnix HU 
IBTifil2 1^5«M3«e«IIS»2 7S*e M5Wa 
-hVW7Xi3 9ST) ©^114 10h77^K 

[0 17 8] LfctfoTH4atfH5JC^-rj(B»»tt"P 
ti, |gl (Otil2 0 t^2 0lil3 3ffflU:ifcn£-fe 
yXlffli %jftftl<:£JUR4 lrtO**«EtU iwe-fe 

[0 17 9] 06t±2|s:^^*5^S^6||Sa^SIO^ 

[ o i 8 o ] m 6 icmTmmmmT*&, m^y u -?8is 

12 6^3lOAI7xUiI^^:ot^5o 

[0181] WC7y-«ttJB2 6*«Ml-r*«F^6 5 
Stf 6 7<0Jiti«ttaTfeD. i^fCo, CoFe. 
NiFe. Co F eN i*HTJgj«SnSo HtJE»tt» 

6 5, 6 7Hk:a:R u £Tig$ 2^*631 6 6*^ 
«EL, COi«lci5, fjfBK14S6 5ttuf3^ttl6 

7 0«fb*fttt R K KYiIftffl»C<t05^lcSW« 
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So 

[oi 8 2] Mte^i4« 6 5,6 7 (ommitznzti 1 
o~7 oAsafwgjasna. *fc*pas6 6©m?i± 
3 a~ i o Aggroe/s^ns. 

[0183] **3tufB«14JI 65,6 7 ii^-n^n^ffi 

16.5, 6 Konn^mmizztiZftmK-oT^z,. m 
kk**-;* > MitsfoffitfbM s xmm t T-is^^n, 
maraacKttJi 6 5, 6 7 *«trai;#«Tracffij« 10 

0»STf»J«-r S £ f?. MIBfiSte/l 6 5, 6 7 (DSSl^ 
I^WCt T% S5fB«ttJI 6 5, 6 7 

EKtts 6 5, 6 7 *Ai7 x. y mmic-r « c t imm 

T'ifcSo 

[0 18 4] m6<D£~>lzmi7V— mWB2 65:AI 

**ME7U-«ttJi2 6<DmttM6 5, 67©^, 20 
lf*KraHMtlcH*-r«MU, »Ht*Bi2 5t8t 
SfiS1£/f 6 5ffe5„ 

[0 18 5] 0 6 IC^T <fc -5 IC, TMiETi&e2 1 ^t,Su 
!BSift»iJI 2 7 * T'CD&mm 4 2C1-77 ^ifgT? (6] 

ft mEt&mm z 9 <o±mu. m^y v -w&m ze<o 
LTjg/jgsns/v- hvw7xi3 i fjfe^y-SE 

[0 1 8 6] iufB'N— K/W7XJS3 1 *>60«/W7 

x««*s»fcWE«e»6 7ttH^x*iaic«ffcan 

Si:, tt&J|6 5tt. iufB8£14«6 7F.BT-OR KK Yffi 
Iftfflti^T, «ME«fxJi6 7©«{fc#toi:E¥fTfc 

[0 18 7] 6 fc^-T 3 JB7xUfi|jiO 7 y -IS 

1£J1 2 6 li, H24^LH5 RHUS: 
t>©T*;&£o 

[0 1 88] SfdasO^^tc, £JBR©W8!I»CX^* 40 

y-«ttS2 6©#«tt«Flt8Jf 2 5 fc»-«-*ffi£E*fW 
<DSfc*P^Jl3 8^LTa-K/W7XI3 9^fi)c 
"TSfltjg, ^<ktf0 5©<fc-Mc:7y-fi£14Jl2 6©2PfiSt 

ttcf^®2 5 k&?zm£E.ttw<Dffi\cnffifflmm2 7 

[0 1 8 9] B7(iatc^(C«(t«JS7mgttOtt« 
^m^©«tii*fB@j«i*t<O^I«0®fi!l*^M^gi5»»f 
IiT-62.. so 
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[0190] 07csti»«aii?a, i^^st^l 
T^aoxtrv/vi/^^^T'^s,, a*ai 

[0191] m ©m®i2 o©t*»*±ffiic«, t^s. 

TII2 1, f-KWt2 2, S5SBBEttJi2 3, 3/1 

7 * y «iis©H^fiaiit@ 2 4 , $m,&*mm 2 5 so*? 

l J-Ittl2 6«^nt^§„ CCfTOiliii 
«01 tHUCT'&So 
[0 19 2] ^C,»CC<D*Sg^SlT'«, «ME7y-«tt 
i2 60±IlCCofi5 4^MSnt, *©±K:#« 
1x*IB/i 5 9, &14JI6 0 t62 fc*©Mfc:j&aStt;fc 
R ufcif©cpf?g/l6 1 *>5>^;S 3S7xy«3i©H^K 
14* 6 3 , fc&mttm 6 4 , fe£tf««ElMISJI 2 7 WM 

[0 19 3] 0 7 \C7Ts.-Tm&<D : To.T 

nfcHssaffii 2 4©-? ^mm.tg.tftffomcMS? sistt 

r^fc«-&, mib? y -jsttn 2 6 <£ y *>±§&\c&m.tE 
tiitmsaaGm 63©^ %tt*[&ffi8ijiu<:H-5-9-stttt 

I6 0t, /Wb^lRl (E^Y73lR]) fcH^^nSo 
[0 19 4] £;fec<D*jttB*T»«i, WE7y-«ttfl 
2 6 IC^-T 3 IfD7x'JiIfS-3T fe<t < , 

7 'J -«»■ 2 6 <t y tTilT', EBSv&inSS 
*fc»4-r*HS«tt«2 4 08BHSMI5 3««H^Y#iai 

T% ^SK5?&S^-^-rS@SffiEttS6 3©«ttS6 
0t±, HiSY*lRlt»*iS»*lSlk:«ffc«*i*. 
[o l 9 5 ] 0 7 tc^-Ti; -5 ic, BuiBTHS/I 2 l 

xjjffi) losiizmmmm^i. &mi®z 9, 

TW3 0, A-W7XI3K tfitMl3 2^m^ 
[0 19 6] COSIiSS^T't. 0 3<D<fc-5^X^a. 

7-13 7 *m^z>&t&*tim?&c 

[0 19 7] 12 

dS;(®l3 3 7>£>Ml <O^H® 2 0tC|R)^TgSn (^S 
VMiMTfeAf) , WC7'J-«ttJi2 6 0±S«|3yW 
fB-tr^X®iJS©PJjiafRiJi:*oTt^So ^LTtuf3m?5S 

mmrn 2 7 ^7 y -m&m 2 6 <t y «,±fflifc?Bj«s nft 

S3ft«tt»6 4©±ffih:jg«*nT^*ft BufB«Sit*J 

mm 2 7 a, 7 y -m\tm 2 6 2:^raH£4>iu 5 9 ?siz 
jgfiE^n, tufBSgssijpal 2 7 tftuiE? y -atttJi 2 6 

[0198] m.±mz^i,m7icm-tm&mBic^ 

Ti01 t Rtttc 7 y -K1SJB 2 6 ±tctfi»* t 

[0199] -rft*»-6*sffla©«t5fccp pa©««* 
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aae? ts 2 oisi 3 3frzmi (ommm 201c 

faifXffitl&izSXnffi. (H2©i§-&l4Jgl Ofii2 

tMBmsftSijPSi 2 7rt*^tait*iR)k:85ns 
mBmtMieJi 2 7 («e 

MW) 5 7 tcjgfiS;^nfc?L5 6rt£tt«1£tmfll GWt 

mameiitttffli 5 8 ^©^icsims c t tc^ 

[0 2 0 0] <L©7-c#M2©@B8Jl 3 3*»6 tOIBWffiM 10 

mm 2 7*/i-bT7y-*ttJi2 6rtu:aiti*-fe>x* 
jjst±s «ME7 u -atttJi 2 6 rt*fflG**tt*mn 5 8 

[0 20 1] Lfc««oT*5gWfcJ:*itf, MffifcTfr* 
^(R)»c*3tt57'J-ffiE , aS2 6©^?®$8 (COffffi 

•tsjtt^ttaatTBBWfcv^) *fl!*fciRie*fc**< 

[0 2 0 2] SfcaMffllTCW:, *¥WftiR?^H4^* 

£#1£ icanfc c p psoa«ttaj*f *«sfrr s c t 

[0 2 0 3] &&01 ^L^lC^^f^©^^ 30 
HMcfeVvr fctufS«^Jffi» 2 78, 7 >J HKttJI 2 6 
©•te nf^Stf, tufH7 'J 
-JK14JS2 6©^>*^©PMffiffli£a»®fl'JKffl&u: 

ap^T**5T2 (HI «#SH<OCt) tc<fct)jgv^ctu 

M«©»/Mfc%09W£tH;>3©SS^C P PSttAttmiR 

[02 04] ^^fijfSmSi^JISM 2 7 14, ME7 U— « 
14S2 6©±T25W»c*&fc£5W4flWl*:A-LTiatt 

[0 2 0 5] H8a*^Oft8©ftfire&0ttaitt£iJ 

[0206] a 8 a, 01 it^hm nmsmmmf-a 

fiattJi 2 6 ±te**ji7aR*i»6**TiM 7 0 meats 
tu c ©Tift/i 7 o (D±\zmffi.$imm 2 1 tm&znr. so 
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[0 2 0 7] 0 2 TZMWLrc&vlC, 

CMtttffMD fc ©»m^© 3Vh77h iSl^ Cktf 

5. 

[0208] ttt>-%mtiwmmmm 2 7 ;&«/£-rs*g 
* s . ±f 2 Lfc m pa5{±?s^*-y-r xt*^ v k jao 

HifcfrS ©lcfig&— o©g|gt4, Ktcia i©t<:?,t- 
ROB Ltcttm**' < y ^^fft*$ 9 , — otfMIES 
iffiWIS® 2 7 OTfcflJnSTaSOSffix*;^- 
(ys) T*$.5<, 

[0209] tuieT^o^sx^/i/^-^isv^i:, mm 

©/£g^E- Ft±^^n^e- Fteft t) f»T < > ¥J|j£5 
(FMt-K) L^f B*JSffl«§(^#^ 
«J««^D-bX«aiJ V o 1 . 14, No. 3, 199 
0 ©?£5 2 8H&C14 Ty s>y f s + y fj (CCT'y 

f sti, m&tmm'vftwx-***-. y f t±, sik© 

[0 2 10] C<Dfci6#S^SL(C< < L, t&f5S 

S ASK Suf2S«x^;l/^- (y s) *i&T 

[0 2 1 1 ] *5BHT»tt, COjSt«#, tMEVSKMIS 
12 7 0TfcSIx*;V^- AHfil^^STC^^^S 
TlftS 7 0 Z®. < c i: fc Ufc©T'Jfe5o MIBTift« 7 0 
€>^ffix^;l/^-l4^-©Tf;:^$tif i :^M^ai^ : ?^ 

[021 2 ] HuiBTifcjf 7 o ±icifimmffi.fflmm 2 in: 

F^Volmer-Weber (VW) M^t^o 
[0 2 13] Sfc«fe«7aS*»6a*TJlMl7 0*«< 

ctt% «d*tfijcTiaji7o±te*fim*»«fc** 
co^iiil**{kbTll{t*o«sl»WSll*«« 

[0214] c©fcJ6safem«twiS2 7^«fiK-r5^s 

[0 2 15] *fc*HB*8K#JPI»2 7 ±lca^®7C^^ 
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c>izz>\m.m7 1 *ftBj&£tiT<r->«*i(, mmumm7 1 
2 7 (DMn&tima&tioaz/ h^x h^m<u-oc 

[O216]cl<D<}:Mc0 8 fc^-r^^JgSIlt J; ftfcf N 
MfBH^WS* 2 7©±T«S^JB7C^j!)^«:5BT-9- 
V K-Y ? f-T 5 <1 £ T\ ff|feS8»I/l 2 7 ©PJPgB t 

T A R * A*lfc±T3^St fcJtTC*?f£lHrt©«lr''?i£ 

[0 2 17] ft*mE«KWHJi2 7<0±T»c*«Sn 
£T&/I7 0&3<^ti{SHJi7 1 liif^e.^— 73^©^ 

[0 2 18] *fcH8tC3Vr*«0B»Tti:* AOfBftSKIW 
BUI 2 7±k3j£S*i3:ft&JS7t;iBfre>fc:S«SS7 1 

2 ©fSi 3 3 t LT«fl6*^-* C £ 1 RTftlT'fe 
0. 08£^T|g2©®ISJl3 3^/jEL* 

[0 2 19] ft43*»Wt»tt, W1B~F*WI7 O&tf/S 
7fc««SJB 7 1 Ruv Pt, Au> Rh, Ir, P 
d, Os. R eO^^^fnftM atfc(i2SW±£DS 

0Rtf/S^»±«KJB7 1 tiCuT-MSnt^ 

[0 2 2 0] ^fctOETHWf 7 0Stf«S»7 1 «0#3E 

a, mmm^mvm (tem) -pmsct^Ri^T* 

[0 2 2 1 ] l Jc^-r««*tHilS?OBBft*S*fc 

OfT, 01 1 ^L12 2^-r§£tXS^:#BgL* 

jy&WTtswa-r*. &*50i i st/0 2 2 a. sfifitp 

0T*£»K 01 2ft^tH2 1tt, 7V— JKtt®±»cS 

[0222] 01 1 icjjvrigT'«\ g i (ommm 2 0 

±KU T a&HTJ&£SnfcTifcJl2 K N i F e C r 
^ifT-^fiK^nfcv— FW-^2 2, P t MnfcifT*^ 
J«SnfcE38«ttJi2 3, Co*HTJgJ«SftfeKttJi 
5 1 t 5 3 BufB$H4Jl5 1, 5 3F<mcR ufcHOfp 

km 5 2 #}gj««nfc 3J17 x V ®ifio@^fiaii4B 2 

4. CuftHTJB«Snfc?fWtt«fMJi2 5. Col5 
4 tN i F e% £ <DJK14® 5 5 T*J&£S n«:7 'J -MIS 

126, mmi$ t mmm t #«se l ^msftwraf 2 7 ^ 

[0 2 2 3] c c-eiOEWftMBJI 2 7 OHJ6^*JCO 
1">T, 01 2*^L@1 4^r#»Sb^:7b , :?.tfiB^-rSo 
[0 2 2 4] fjISmSitWI® 2 7 *jg«r«»c«, St* 
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A liOifS i 0 2 £H©&W*>A 1 NKzvmitm 

zmtzy v-m&m 2 6 ±\cx'*v 2 imtz. *aw 

TfttWEftfldlii: 1/T8, A K Si. TK Zr, H 
f\ Cr. Tas V, N b. Mo. W, Fe, Ni, C 

o©7 ^-f 1 a* fti± 2 aw±o»fk»*» 5 * s 

[0 2 2 5] SfcgfcMtLTa. A K Si. Ti, 
Zr, H f\ Cr, Ta. V, Nb, Mo, W, Fe N 

nk cood^v^-rn7bMasfca2iej.x±o^{t^ 
[0226] ct\$mitm*>mitmit. mownc*-? 

'rawfttwcfct^-r^fcti, 01 2 

[0 2 2 7] Sfc*D«*tt*W«)*»!:tt, Buie*6^« 
20 [0 2 2 8] £-f gffiig*^ 2 0-200 tgS»c{gz§ 

tc-rs, %fcmfat?—Yy hm<ommtt2 00-30 

Ommigafcg|-r o SftA r**X©^Kl 0 — 5 0 
mTorr (1. 3 — 6. 7 P a) 5gJgtCiS< tS. 
[0 2 2 9] JhBLfcX/^>*ttT*«t, MIS*ee 

ttfionfti, *ME7y-«tt»2 6T. %m&mb^ 

[0 2 3 0] tulf2^WgLrc«aga0 1 3t^?tlt 
*5t>, CO<t3tHufH7 i ;-^ttB2 6±t^$nfc 

01 0lt^-r*3*Bl®£¥tT^: s F®A-'e)M^:i:$fc, 

[o 2 3 1 ] mem i 4 kijjvriST-a, fjfB«6^»^ 
nmtffifn-ztu mznammmttmrn ^ j; o &#> *> 

[0 2 3 2] *fe«HBt»«tt#»fc a-Ta, A 
u, Cr, Cu (» *?W (^V^XrV) ft^*ffiffl 
40 Ru. Pt. Au. Rhs Ir, Pd, O 

s , Re<o *> i a$fci± 2 m&L±<om&mtt 
s*«ct««T?*, nemmiBiionpff gfd t#p 

[0 2 3 3] ftteWC»«tt#!B<OX/<y 

so Mfcttscaut* 2o~ioo °cestc-r *. sfcstg 
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}L*—*fv Mffl<DEJB*4 0 — 1 OOmmgSWSc 
SfcA r «XO3fXl«0. 5-10mTorr (0. 

0 7 — 1. 3 P a) gffi&C*f £o 

[0 2 3 4] ±IBO«JfE^56U:<t oT«ai»JHJB 2 7 

[0 2 3 5] **^tt*SSWT*tt. SfAg. Cu. Z 
n. G e. P b. A K T K Zr, H f . Cr, T 
a, V, N b. Mo. W. F e. Co. Si. N U # 

[0 2 3 6] c^ftX^CcfcoT. BulB^JRK«»fb 
SWBIIWSilfe**. ^U01 4 1ST, HufBffi^ 

/amt-So ewe* t)B0fH*6^»«m±^&?Lrt^tts 

[0 2 3 7] fcffU JJ3b«ftIlfcJ;oT^ fiOE 

[0 2 3 8] SftBl 2fc^»*L;fcttJ&J»«\ 
TteJgJSSftTl^SJi (Hi 2T«7U— BBtttJB) 
ffix*;i/*— ^i^n^e- F !> ^M" < ^ 30 
(FM^-F) b^*r<^^>o COfcftSffix 

[0 2 3 9] *©S567*ffi*3*L;fcOtf B 1 Sfcl^LB 

1 7lOTtlSt«5o 01 5^^Tck^^^-ry 
16iO±lcll««»64*Til!!i*X;^ >M 

[0 2 4 0] COfc^fufBTSWifcRu. Pt. Au. 
Rh. I r. Pd. Os. R e (Dy^^iftliP 1 fl^/c 40 
«2«J^O«*JR*fST?B*-ra<li:^»$Li\ ft 
C u TT«W^« bT t J: Buf2*^S7t:^ 

[0 2 4 1 ] 1 SfC^-Tcfc^lC, A g, Cu« Z 

n, Ge, P b, A I , Ti> Zr, H f , C r, T 
a. V. N b. Mo, W, Fe, Co, Si, N i , S 

^rX/^^^T-^fiK-r^o tflfE!£B7tfft«, »^7c^*> so 
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So 

[0 2 4 2] ^iciai 6©J:5k:|(je*liil**fl:f 
HMHfcft& act So c tie 

[0243] fLT01 71C^-TXS-P, ffi%5&mtm 
-T#WI£:Ru, Pt, Au, Rh, I r, Pd, O 

s , r e <d 5 -5 ^-rn^ i as fca 2 i«±ofis^ 

[0244] sttc«&«7asawo7c*t?»«»©*ia 
m& zmmtm 2 <d@*sji^ H ic&is u 

[0245] fesv^i^ssweii, «ei§ft*m?jgfS£*i 

sswpse 2 7 *»«-r stttffts. 
[0246] mfomcit*¥zm?a, mR7V-m&m 

2 6<0±®lC, F eaMbOc (TzTzLrcMMltT i , Z 
r, Hf, Nb, Ta, Mo, WRtf f&±^7r^5>jl 
fcf ns 1 HS/cti 2 fUK±<97TjfD ^ Sffifig^«rW b, 
&£J±a, b, cl±^%T', 40<a^5 0, 10^ 
b^3 0, 2 0^c^4 0T', a+b + c = 100%5 

So 

[0 2 4 7] a5S^tti»C7y-«ttJl2 6£D±ffiti:, 
F edMeNf (fcf£L7t;^Ma, Ti, Zr, H f , N 

b, Ta, mo, watf»±«7HRft»&aarft* i»s 

d, e, fl*m?%X\ 60^d<70, lO^e^l 
5, 19^f^25T, d + e+f = 1 0 0&SHH&5: 
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[0 2 4 8] cnt-FeMO^FeMN^MitS 

-y-y F Affile LT*5#. cne>2 0©*-y-y FfcX 

3ift$iJPgJl 2 7 £rJ£j£-r5 C ttfX'^Zo 
CO 2 4 9] ££l^i:£5gWT'«, mm«l2 7 5:, 10 
Cot, Ru, P t. Au, Rh,. I r, Pd, Os, 
Re, Cu, A g<Oo%^-fntf\ iMSfc«2ai^±C» 
^#mrX^-y*j£KLfc^ s&^JiSreS-rctT-C 

[0 2 5 0] fcf£U JifELfcC o tm^m7€mt<om 
^fr£.ft3«ffifWI®Jl2 7<DJ£/3u RtfF eMO^F e 

put 2 jTomictzT'mittfR&'tjmitf&Zo 

10 2 5 1 ] fifoTC ota^Jl7t^tcDii-a-7b>e.*S 20 
^Sft^JPafH 2 7-f»F eMO^F e MN-&#fr e>ft3«§& 

jffifWPIH 2 7 <DJ&£<Di§^T-fc0 1 8tC^"rxSW^O 
Ru. P t , A u. Rh, I r, Pd. Os, Re (Do 

[0 2 5 2] 01 8K^-?JMT'ltii!mdn&m7tmfr£> 30 
^:ST«fi/lCi±lCF eMO^F e M N ft 3 SSt 
SWIB2 7£X^£j£M-ri>o ^&^MIB«^MI1 
2 7©±(c, Ti&lt|SlC<*&Jl7t:jtlfr£&&{S«J! 

ft^as^fconvh^xh^^Sc ciott, mem 

&K{fc:atulBmSSftiJ(SMO±TOBtc * T'&tf ft \,\ 
[ 0 2 5 3 ] m 1 9 Ic^-nOST'li? 'J -8£14B±fc:ft 40 
&Srcllifr£ft5Tifc/f£:X^-;/*/£§iU *<D±.\CC 
ot, Ru, Pt, A 11, Rh, I r, Pd, Os, R 

e, cu s a go^^t/->-m^ia$f=«2aj-x±©^ 

ifcft^ft^ftSitLTCofOSG^lrtt-rSo - 
73, AuftifT*^$nfc«^M^liSE{t;^tX-r. 3? 

[0 2 5 4] c <Df&MllRtf Stfb© £ * T' BuiBmififtJ 50 
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PSJKDTlc liftkftjcitlfr ?> ft STUfeB*^^ £ nt 1^ 
£<0T\ ^{btituffimMWfiJlOTOMfcST-liSffft 

[0255] @2i icm-txmr<itmmmtti&mm(D±. 

<t •? tCBijfSW^JPSJlOifcK^MTc^^ftSSSS 

nr^ft^g|5#i:<D=ivF^X F^Ml^c 
[0 2 5 6] ft*501 8Rt?01 9 fc^-TIigB#<D^73 

9 Lft^i:fijfBSjJil$'JPIJl£0±ffi^e > -FStc^T-feV 

t#T*#ftt,^£-t?&5o 

[0 2 5 7] STciai 8^i2 1 tC^flgOJ: "5 fctfl 
IBamyiEBO±lc»&gjtiSlfr £ft £{1SgJl£i8tt& 
fc* C©ffiMili^^2©«®li;LT«S^-a-S<l 

ijgtfi&gft < ft »5lSBtX@(DffiBS(t*05 Ct*^* 

[0 2 5 8] ft*501 5 4^Li2 1 ic^-tlMVit. 

m<tT.m*m LTS»fr <=> ft zmmmmmttmis. 

[0 2 5 9] 1 lcfstlgf(i> MfBttSSMPI 

J12 7<D±lCUi?Xhm4 4%mi&T&o ft*5Nuf2l^ 
XM4 4«'J7Ft7l©l/^X F-BT'Jfe-pT&.fc 

[0 2 6 0] MlSt^X HJ14 4CT14 4 aCIS 
«, K»&aifii^©^Wftjit?S®tllg&fr&£^ 

1SJ12 6<D±®«D hv-y^it@73lR) (0^X7j|S]) ^<D(S 
\t-j£T'^S5 h7?Ww«0. 15-0. 3/im 
IC, h/3(R] (0^Y73lRl) 'SOISMR h^rO. 1 
5~0. 3 iimlCTZ, Lft#-3T)t¥«54jR?ii«€ 
0. 0 2-0. 0 9/im2lC^:*<^-r5ili:A^T'€ 

[0261] ±e©jte*fl*&*?®Mttfie*fcH8«T 
y^7w-s«*ffli/>TK»^ta^c»iHi&^Rriik:ft 

[0 26 2] %ICB 1 1 tSti^ t-s MIB^X 
4 4fc^nTt^fti/\ Ttti2 1 jb->5®iffifMPSJB2 7 
stc^II2 8^ ^EiiF/jiRi^t.co-i'^vsy yy 
ftH-e^-rs (01 uc5K-r^«aj») . cntccfcti 
msssi (ommmz o<Djti**cii, T*ii2 1 *»6 

VffiMRUB 2 7 $T-T«lfiK^tl5^JllS2 8 SW^Hgtt 
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112 8 ©it5ffl!j!^S»Cl±5 V V^T'^?nrc»HO- 

zwnttmtz'DT; md.mmm^^ fs y v^t- 

CO 2 6 33 #£0 2 2lc^-rxST{±, auEIg 1 <D« 
112 0±fr£>MfE£/IM2 8<DWffl!liffi5ffi2 8 a±Kfr 

w-Ts a 1 203& zxB&ztitc&mm 2 9, C r 

T^fig^nfc/WZXTltiSS 0, C o P t C r fcHT* 
^^tl/c^N- FVW7XJI3 1 RtfA 1 203fcHT*Jg 
fiK^f tl7c*6J^« 3 2 'SrX/'W ^^H-r^o 10 
[0 2 6 4] &i502 2 tc^f <£ "3 fcs ffiia*§*lJf 2 9 
A^tijfH^M 3 2 £T*0>&/i<DX.'W ^fiKK©Slcfc- 
^ S X/-^ -y ^ e?Bg*f ft iaiiSStc^ b IS [r] G 

[0 2 6 5] &rzm2 2lC7F-t£ofo, BufEUv'XFJi 
4 4<D±fct*6^S2 9 b. /^7^TftM^l3 0 
a, /W7^8I3 1 aZferj«e#$}^P3 2 a tffflJl 

[0 2 6 6] MfH^JfK2 8 ©ffiffliMiS?fc*6*f /f 2 9*r> 
e>*6i^il 3 2 * W#M81Lfe|, lufg Uo?X h JI 20 
4 4 ^^*-T5^ HUffil">*X hH 4 4 <0*ffi£#tfs 
±M^Tti&WM2 9 b*^T'Mt>nTt-'S t^li, MIS 

«>s 0ij*.t£x*^:/&i§K SftWtaK^^f/l'XOS 

^fcifSrfufEL'> 7 Xh/l4 4 3!®^?^/! 2 9 b£ 

4 apstH^-^Tc^. *t(ie^^x H4 4^g 

SUKSLT, MfEl^XFjf 4 4*igLT|S§.5&T3738. 
[0 2 6 7] &*5MIEl'v ! X F/14 4«SLftf, tu 30 

mmmm 32* e.«sswui 2 7 ©±it a. MtB«si» 

H2 9 b%£©^g&^ytf^3C£#;fe£<DT*s tijfE 
*fe^B 3 2 ±fr e-ffifEli^JK® 2 7 ±*«*.tf X* -7 

7"^}#lt, tufE^u^r^L^ni/^ffi^nx-rsc 

[0268] mz&mm3 z±^^mmmm.m 
mm 2 7 ±icmfxm2commm3 3^x/^-y^^-r 
3 da 1 fr^mcoc t) o 40 

[0269] {&<DM^m&m : ?<Dmmftmic^-i:ffim 
icmwtZo m2icmtmn.^tiim^xit^ siots 

■ 2 0±t, flSt^M/1 2 7 s 7V-lti2 6, IMtt 
fi«2 5, S£ttttJl2 4s RmmWS2 3*X^ 

fflElt® 2 3 £ lx>?x F JI 4 4 ZBlit U fc tulE U-^ 

xM4 4icmt>nx^%i^&mm3 4wv5'jy 

3 4 0S5ffl!ia^B3 4 alCfrttTs ^ii3 5. /^77 
Ti&«30. A-W7X13 K «Wl3 6«X/< so 
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EttlRII 3 6 ±fr c,Sij|ES^iKffil 2 3 ±te*»tt TS 2 
OttHl3 3«»«r«. 
[0 2 7 0] H 3 tei*r««*tH*?TU\ Si 
«2 0±lc, THW2 1, ->-FWt2 2, 

12 3s @^»KttB2 4, #m&pmm2 5. 7V-i 

ffifcimm 2 7 <D±&C, 01 1 ZfflKUVX FB4 4*Jg 

jsku bOie^x h® 4 4 icm^nxi^^-mE^mm 
2 8^t>5';v^t*fis*t5. ^fctatEi'^-vsu 

WxmE&m$k2 8<OP5ffl!l4&®2 8 a tcttSLfclftt 

[0271] tuiESi commm2 o±*>c,bu!e^ 

SK2 8©Wffl!lSSiDS2 8 afcfrWX* X^a7~l3 
7*X/Wji«RfS«, WrtWBX^a^-iS 7© 

&mcttvmit>jjfofr£>ft : ?<> wiex 

[0 2 7 2] ^1313X^3.^-^3 7 ±»C, S&StJf 

2 9^ /W7XTii3 0, A-FVW7XI3K *6 
i£B3 2 ?MLft^ fJIE^X hfB 4 4% 
R*£ U *6 £ AufSiffiiSi/1 3 2 _tfr 6 «e««EVJISJI 2 
7±te*HtTS2©«ffi®3 3*JB$T5. 

[0 2 7 3] H 4 »c^awtt»a«?0«ifi*tt«, * 
ff&l om®J!2 0±lCs Til2 1> ->-HWt2 
2s £&«tt®2 3s @«S8tt/l2 4s lf«Ktt*F^Ji2 
5s 7'J-SSttl2 6 > *FJS3 8s ;v-F/W7Xl 

3 9s Rtf«K#JHIi2 7*a«X/<v**ilbft«. 
@8tfxtWX hi! 4 4*ffi^Ts KJfBU^Xf«S4 
4tCSfctXTt^l^tflf3^il^4 1 ^^^T^S.V^'ifX 

WvWffiW 4 1 a fc#S LfcBfHHb«?4' F 5 y v^*T- 

[0 2 7 4] ^ICs HUfBSl ©lii2 0±*»6WI3^ 
BBi4 !<DWfl!lflSa4 1 alC^j-Ts X^a^-J|g3 
7*X/^-y^figBS-r5. **5tdl2X^3.7-K3 7C 
X/<-y^^igt±s »Rfc»LSW>*lRl3&»&fT5. huIBX 

^•^w ^-vBSifftfiiis ats^Mtcw-r 

ft*»6 2 0-7 0° SSs Mfr*£tW&1ILl,\i\ 
[0 2 7 5] *te|WB^*a9— M3 7±IC, «6^S 

4 0W«;?iiLft|, BufBl^> 7 XhB4 4 ^rl^S 

(CHufB*e«* 4 o ±*» SMIESiJSS'JKB 2 7 ± 
»cAHtTS2©m®l3 3^^-T5o 

[0276] Hs^faatnaja^oBBa^ffitt, s 

^101112 01^ T«6B2 1s 5'-FWt2 

2s s?iiattS2 3s @^sai4®2 4s i^?Kit*ws2 

5 s 7 'J -JKttJS 2 6 s WffiMBUI 2 7 Rtf^- F^W 
7X13 9*a«X/<y*«Slbfc^ mi WCTfitV 
^XFJ14 Altm^X, MIB^v , XFil4 4\zW.t>t\X 
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[0 2 7 7] ffitzn i (onmm z o±^e>totH^ 

li4 1 ©M<ft|3i£S4 1 afCfrttT. X^*:*7-BS3 
7^7.^-y^fiKBi-rSo ^LTt0f2X^^^-M3 7 

«4 4%^*l, zt>\cmms&m4 o±^e»^-K^ 

-iVX/l 3 9±lC;WC!?l2<DWaW3 3 «T^-TS. 
[0 2 7 8] 0 6fC^-rjS^tiJ^<Otait^ffit±, $ 

-rig i (ommm 2 0 t&ji 21. ->-kw+2 

2 , 2 3 . 2 4 , l^ffi4>P^Jl 2 10 

5 „ 3 JB7 1 y w&<o 7 v -m&m 2 6 . msmmm 
mz 7&mwiX'^yfi£mi>fc&, mi nc^-rwx 

hM 4 4 ^rfflv^T, MfBl^X H44 lc®bnTl/->& 

[0279] ^icBuiHmi (ommmz o±t^mm^m 
m4 z(ommmm4 2 a±fc2>H*-r. mmmz 9, >w 
7^Tffli3o, ^-hvwrxii3 1 , mmm3 Z* 

»£EX/^ Zimx,Td&, ByfBl^Xh/i4 4^r^S 

£ e.fcHulB*fi^B 3 2 ±fr SMfBSfttMIEJI 2 7 ± 
ICfrlfTWi 2 <D«HB 3 3 JtBtiZt 3. 20 

[0280] 07 ic^-rm^ffi^«oiBi^a> 2 
-rsg 1 ©sua 2 0 ±»c Ti^a 21. k w-v 2 

2, K&K14B2 3. 1^11412 4. ?HKtt4>HH 2 
5, •7U-8S14B2 6, ^Ktt*P^il5 9, 

6 3 . s.%m&m 6 4 Rttmffifrmm z 7 ^mmx^-y 
^figmLfc^s m 1 1 ic^-r i^>*x H4 4 ^sj^t, 
tiifBi^x M4 4 ic^nTv^i/^13^^4 3* 
-f^vs y ymsts, 

[0281] #KMfBSg 1 omUS 2 o±*^*ij|H^ii 

JH4 3©Wffl|4S®±^MtT, 2 9. 30 

ttyi3 0. ^-K/W7Xjl3K 3 2 *mmx 

^'yZ&mi-Kik. 8tjfBU^XMl4 4^r^5feU 

^tijfBss^a 3 z±frzmmnftifflmm 2 7 ±^*h^t 

[0 2 8 2] 0 8tC^-rfiS^ffi^<Oti!ji^a^ * 
■fm 1 ©©JIM 2 0 ±(C TUM® 2 K ->-FWt2 

2, m&w&mzz, asaa[ttii2 4. ^bsis^hs/i 2 
0, m^jpss 2 7 , m.&mnmfrc>i&z>umJ37 1 % 

3£EX^-y#fi£MLfc^ 01 1 lc^-ri/->*XhS4 4 40 
fcffii^T. sufBl^X hJl4 4tcS^tiT^:&t^iufB£ 

s^4 i*-f*>5y>ye»*-r*. Tii7o, m 
m.fflmmz 7, n&m7tMtf'Zix&ijmM7 1 omms 

[0 2 83] #fctMEMr 1 <D^1E/I 2 0 ±fr£lufB£JI 
SI4 3©W§Wiffi±fc*W-Tx i&mmz 9, ;W7XT 
16)13 0. ffiil3 2?:18X 

tctfflEfelMi 3 2 ±fr 6 BufB^MH 7 1 ±tc *rt*T» 2 so 
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[0 2 8 4] W±fclttWUft*«W»C*»*«*ttttJIS 

? ©skjw j*T'«, •aistwis 2 7 *satjgj«-r* c 
H5iR?*«BSf s c t # ■?€ 5, ttKaoemmMisji 2 

^7c*fr&fc *^ ijfBSSSS'JffiJio 

[0285] *rz*mw<ow&J5mr*tes mmmmkm 
mtmmiz-r&c ttPT'itzfrz. &&tmm&<omm 

[0286] 4**%i(i:feW5iiaiaji?a, /n- 

[0 2 8 7] 

fe^y-Mffiio-fevxmssopjaawc. 

[0 2 8 8] t«oTtijf3-b>xm??ill±. ttfflB««E«IISJI 

•b ^xsdsopjjiBfflatitswtcj&s ^aftwi^/r it 

*«WEi:LTi>S3Ci'5. Hfff3-bvx«gfEt±MfB^«a5F f 3 
[0 2 8 9] C © ^««m & KtCVSKMRUI ^r^ L 

s (co»»o««E»s*i t »BfWKi«<a*cfck:a 
[0290] UfcW-D^SSWteititf, MEi:¥ft^ 

l,t y -«tt»rtte* vxs^gsn 

mm&<Dmmzti?z>7* h v W77-f-t3m*m^ 
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[0291] x*fie#fcras*te**<jB 

[0 2 9 2] *fc*fSJrc«, Mfii«W*JIB»<OT»cJt 
LT^fiKT'*S<DT% l0*tt*WQMPffi&#MPaiS£ 

^JiSrlSW 5 1 , tufBfi?ft$<JPl®<£> ±©»fc $ T'i£{t© 
[0 2 9 3] ccD<fc"5k:«gS©JRBJB<DSBPSi5i:^PSP 
fBSaSWSJSH: <fcoT-fe ^X«fto«HSB%tt t? 5itf 

[0 1 ] *5SW»C43»*IB 1 0*flUB»0««ttffl*? 

[02] *sa^fcfe»*jit2o*wjB*o««ttta*? 

[0 3 ] *SHBlcfe» Sg? 3 O£ffl0gffi<DttA(*fttilJR7 

mv&m* t (oMmmm^ e. mfcgi$#Bffig0, 

[0 5 ] ^fgHBlctett 5^5 OUSfi^SIOffi^tBig? so 

tttmrni* t ommwii* s afc»#«E 0, 

[0 7 ] -am 7 0HMBSn<DttAMtBil7 

[0 8] *^lc«fr«g8 4}ftM0molt^tfa& 
S:fBiS!£tt i: ©»i«Blllft» 6 A7t«»WffiH. 
[0 9] *9mic«(t«$JlltftCMnKMIM«>MfM 

fcjSfSB##t5£0, 

[010] ^WtefettSSUO^B^im^fWISJB© 40 

[01 1 ] 01 icm?mmm5L'sv K©fBt*s*^-r 

[012] 7UHittttJiic«sMmi«sa , r«iM>«> 

[01 3] 01 2 co^©«M^-ra5^^0s 
[0i 4] 01 3<o^o«j»%^-rsp^«s;0^ 
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[015] 7';-«1MfcTJftJi*«jau KHETIM 

±ic«HH«iOT*#jaTsi8©tME7 y -Mffii±a© 

[01 6] 01 5 O^Ott«*iS-raJ»*«H. 
[01 7] 01 6 <D&<Dim*7jiTBftm&,®. 
[018] 7U-«ttJifcTiftJi*«jaL, MIBTUfiB 

E«wwiauB±ic«M»*jBiai"r«i»o«rta7 y -atis 

[019] 7U-aittJiteT*»*»J«U tulBT^Jl 

ewikiM±fcfim^jftr«*0ME7 y -am* 

[0 2 0] 01 9 0*0««*^-r»»«aHs 
[02 1] B2 0O*O««*wtas»iaB, 
[0 2 2] 01 1 IiO^tfrfcnS-Igi, 
[02 3] fl»fc:OT«atmtiUI&«Gflmfc4>tt 

[024] ci ps«»«ai«?oaj»flfeSHx 

[025] CP PSnK«ttffi)R7(0ffi^«ISBx 

[02 6] «WWIBJi0W!P»i:*BHP»i:03Vh5 

[02 7] ffifSSiJffiaoBapgPt^MPgPtoavh^ 

20 si dim 

2 1 Tt&m 

2 2 J'-FWt 

2 3 s.mmtm 

2 4, 6 3 Hussite 

25 &mwmm 

2 6 7U-«ttJi 

2 7 wm.wm 

28. 34, 4 1, 42, 43 ^SK 

2 9, 32, 40 mmm 

3 1,39 

3 3 I2©fffil 
3 7 X^4^7-H 

3 8 4>wji 

4 4 U-7X h» 
56 ?L 

5 7 ffiRttmSt 

5 8 mm&tfmm 

6 8 it 

7 o Tt&m 

7 1 GSMB 
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ftffl 2 0 0 3 - 8 1 



[11] 




[06] 

B6 

^^^^^^^^^^^ ^ 



82 




[012] 



(24) 



mm 2 0 O 3 - 8 1 0 8 




J- 



[08] 



as 



[09] 



a se 




£fiHt*RHH25 



[01 3] 

ft ?L 



013 
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CHI 0] 



II 1] 



0 10 



in 





[01 5] 



S15 



1 6] 



MS 



^ „ «... 

jmc^* fl^ wT^ ae^T ^S^f^l^I— -y 

1^- 2*^ 



II 7] 



il 8] 



El 17 



018 



f f f f 



A 



L>mSE«IHH 




[01 9] 

019 



[02 0] 



mm tt<t s<t ffitt BNt 



020 



1 1 I I ly— 



A ^ 



(26) 



WBfl 2 0 0 3 - 8 1 0 



CH21] [022] 




